We have determined the DNA sequence of the long unique region (UL) in the genome of herpes simplex virus type 1 (HSV-1) strain 17. The UL sequence contained 107943 residues and had a base composition of 66-9~ G+C. Together with our previous work, this completes the sequence of HSV-1 DNA, giving a total genome length of 152260 residues of base composition 68.3~ G+C. Genes in the UL region were located by the use of published mapping analyses, transcript structures and sequence data, and by examination of DNA sequence characteristics. Fifty-six genes were identified, accounting for most of the sequence. Some 28 of these are at present of unknown function. The gene layout for UL was found to be very similar to that for the corresponding part of the genome of varicella-zoster virus, the only other completely sequenced alphaherpesvirus, and the amino acid sequences of equivalent proteins showed a range of similarities. In the whole genome of HSV-1 we now recognize 72 genes which encode 70 distinct proteins.
INTRODUCTION
In the last decade, the study of animal viruses has been revolutionized by the application of nucleic acid sequencing techniques to viral genomes. Many smaller virus genomes have been completely sequenced, and the sequences interpreted to give high resolution views of the genetic organization and the nature of the encoded proteins, while comparisons of sequences have enhanced our understanding of relationships between viruses. For larger virus genomes, total determination of nucleotide sequence remains a formidable undertaking, and only two complete sequences of virus genomes larger than 105 residues have been published. These are for the gammaherpesvirus Epstein-Barr virus (EBV) of 172282 residues (Baer et al., 1984) and the alphaherpesvirus varicella-zoster virus (VZV) of 124884 residues (Davison & Scott, 1986a) . In this paper we report a third complete herpesvirus genome sequence, that of herpes simplex virus type 1 (HSV-1), which comprises 152260 residues.
The molecular biology and genetics of HSV types 1 and 2 have been widely investigated such that overall they are the most extensively characterized of the family Herpesviridae. A decade ago, studies on the structure of HSV DNA showed it to be a linear molecule which could be viewed as consisting of two covalently linked segments, designated long (L) and short (S). Each segment contains a unique sequence flanked by a pair of inverted repeat sequences, as shown in possesses a terminal redundancy of some 400 base pairs (bp), termed the a sequence; one or more additional copies of this sequence are located internally at the 'joint' between the L and S segments, in the opposite orientation to the terminal a sequences (Sheldrick & Berthelot, 1974; Wadsworth et al., 1975; Wagner & Summers, 1978) . Preparations of HSV DNA consist of a mixture of four sequence-orientation isomers which differ in the relative orientations of the L and S segments (Delius & Clements, 1976; Wilkie, 1976) . One isomer, chosen arbitrarily, is designated as the prototype for purposes of genomic map representations (reviewed by Roizman, 1979) . We have been engaged in determining the complete genome sequence of HSV-1 strain 17 for several years, primarily to elucidate the detailed organization of the viral genes and other functional elements. Apart from its size, the sequence determination of HSV-1 DNA has presented special problems resulting from its high overall content of guanine and cytosine residues (68.3% G + C). We have published papers describing the complete sequence of the short unique (Us) region , the complete sequence of Rs (Davison & Wilkie, 1981 ; Murchie & McGeoch, 1982 , part of the RL sequence (Perry et al., 1986) , and parts of the long unique (UL) sequence (Preston & McGeoch, 1981 ; Quinn & McGeoch, 1985 ; Dalrymple et al., 1985 ; McGeoch et al., 1986 b; McGeoch & Davison, 1986b; Davison & Scott, 1986b) . A paper describing the complete RL sequence in detail will be published separately by L. J. Perry and D. J. McGeoch.
The present paper has two objectives: first, to present the complete sequence of the UL region, of 107 943 bp, and to discuss the organization and properties of the genes therein; and second, to give a general overview of aspects of the whole sequence of the genome.
METHODS
DNA sequencing. All of the sequence data reported in this paper were obtained by chain terminator sequencing (Sanger et al., 1977; Messing & Vieira, 1982) . The templates used were mostly M 13 clones containing randomly generated subfragments from large restriction fragments of HSV-1 strain 17 DNA cloned in plasmids (Sanger et at., 1980; Deininger, 1983) . Radiolabelled DNA chains were generally prepared using large fragment DNA polymerase I and [c~-32p] dATP. In later practice, 2'-deoxy-7-deazaguanosine triphosphate was substituted for dGTP (Mizusawa et aL, 1986) . The DNA polymerase was either prepared as described by Joyce & Grindley (1983) or was purchased from Boehringer. DNA reaction products were resolved by electrophoresis in 6% polyacrylamide gels with a buffer gradient (Biggin et al., 1983) and containing 9 M-urea. After electrophoresis the gel was dried on one plate and subjected to autoradiography (Garoff& Ansorge, 1981) . Sequences which presented problems under standard conditions were most successfully resolved by electrophoresis in a 6 % polyacrylamide gel containing 50 mM-Tris-borate pH 8.3, 1.5 mM-EDTA and 9 M-urea, which was maintained at a high temperature by means of a jacket through which water at 85 °C was circulated.
Handling and analysis of sequence data. A DEC PDP 11/44 computer under RSXI 1M was used. Sequences were transferred from autoradiograms using a sonic digitizer and were assembled with the database programs of Staden (1982) , modified for our computer. Programs used for interpretation of sequence data included FRMSCAN (Staden & McLachlan, 1982) , PTRANS (Taylor, 1986) , CINTHOM (Pustell & Kafatos, 1982) and HOMOL (Taylor, 1984) . Evaluations of putative signal sequences and of hydrophobic character in predicted amino acid sequences were made using programs described by McGeoch (1985) , Kyte & Doolittle (1982) , Eisenberg (1984) and Rao & Argos (1986) . Searches for similarities of predicted amino acid sequences with the protein sequence library of the National Biomedical Research Foundation were carried out with a DEC VAX computer using the WORDSEARCH program of Devereux et al. (1984) , and with a distributed array processor by A. Coulson and J. Collins (Collins & Coulson, 1986) .
RESULTS

Determination and interpretation of the HSV-1 genome sequence
The UL sequence was determined by sequencing plasmid-cloned fragments of HSV-1 strain 17 DNA. The following fragments were completely sequenced: KpnI y, KpnIf, KpnI q, KpnI w, KpnI i, BamHI p, EcoRI f, BamHI v, BamHI r, KpnI c, BamHI h, HindIII l, BamHI f and BamHI b. Parts of the following fragments were also sequenced: BamHI e, KpnI b, EcoRI d, EcoRI g, BamHI u, BamHI g, EcoRI m, BamHI o, EcoRI i, HpaI q and XhoI b . Nomenclature of restriction fragments is based on the mapping studies of Wilkie (1976) , Davison & Wilkie (1981) and Sanders et al. (1982) . The region containing the gene for the larger subunit of ribonucleotide reductase and part of the gene for the smaller subunit (residues 86411 to 90138 of Fig. 3 ) was sequenced by our colleagues J. McLauchlan, Y. Nikas and J. B. Clements (McLauchlan & Clements, 1983; Nikas et al., 1986) . Sequence data were obtained across all junctions between separate plasmid clones, either by limited, directed sequencing or as part of a more extensive overlap. In the locality of the origin of replication ori L (around residues 62 404 to 62 547 of Fig. 3) there is a region which is prone to deletion on cloning into plasmids, and in this case sequence data were obtained using virion DNA as the template (Quinn & McGeoch, 1985) . The extremities of UL were located by comparison of the sequence running from TRL into UL with that running from IRL into UL (L. J. Perry & D. J. McGeoch, unpublished results) .
Our sequence for UL contains 107943 residues, with a base composition of 66.9~ G+C. When combined with our data for the rest of the genome, this gives a total genome length of 152 260 residues, with a base composition of 68.3 ~ G + C. There are several points that should be noted with regard to our construction of a sequence representing the complete genome of HSV-1. Mocarski & Roizman (1982) presented evidence that the genome ends each possess an unpaired Y-terminal residue. The sequence numbering used in this paper represents the righward 5' to 3' strand of the prototypic genome isomer, starting from the terminal residue identified by those authors. Also, several types of variability in length have been observed in HSV DNA molecules. These include (i) in a proportion of molecules the occurrence of more than one copy of the a sequence at the L terminus and internally at the joint (Wagner & Summers, 1978) , (ii) at a number of positions within the genome the occurrence of families of short, directly repeated sequences, with different copy numbers of repeat found between isolates and (iii) instances of length variation within homopolymer tracts L. J. Perry & D. J. McGeoch, unpublished results) . Our sequence listing has only one copy of the a sequence at each location, and tandem repeat families and variable homopolymeric runs are shown as found for the primary plasmid clone analysed.
When the sequencing of UL had been completed, there was a mosaic of information about the region. Some parts were well characterized, in terms of our knowledge of gene layout, transcript mapping, protein-coding regions and the nature of encoded proteins. DNA sequences of a number of individual genes had previously been published by ourselves and others. Other parts of UL were partially characterized, as regions encoding particular proteins, or by structures of transcripts or by genetics. Finally, other parts were essentially uncharacterized. We began interpreting the sequence by locating open reading frames (ORFs) and examining whether they In the UL region, on the first three lines, genes ULI to UL56 are labelled. In the Us region, on the bottom line, genes US1 to US12 are labelled. The locations of introns in the coding regions of gene ULI5 and the two copies (TRL and IRL) of the IE110 gene are indicated.
were likely to represent genuine protein-coding sequences, by evaluation of codon usage and of triplet periodicity in base frequencies. Transcription arrangements were examined primarily by looking for the occurrence, appropriately located with respect to ORFs, of sequences (AATAAA and ATTAAA) associated with mRNA 3' polyadenylation. In this way, we built up a picture of gene layout, which also incorporated available information on gene structure, transcript layout, mutants and protein mapping. The resulting gene map is summarized in Fig. 2 for the whole genome and, for UL only, the DNA sequence with proposed encoded protein sequences is listed in Fig. 3 (presented as an appendix). Further details are given in Tables 1 and 2 . There are a number of limitations to this exercise. We would have been unable to identify satisfactorily genes which were highly spliced, or were wholly or almost wholly within another gene, or were very small. It was assumed, as a working hypothesis, that we were dealing only with genes that did not contain introns, except for the rare, previously characterized instances where they do possess them. The body of a proposed functional ORF and its termination site could then be identified with some confidence. However, in a number of cases this assurance did not extend to pinpointing the correct translational start. We do not consider that an ATG codon that is active for translation initiation can be identified with confidence from sequence data [notwithstanding analyses by Kozak (1981 Kozak ( , 1983 Kozak ( , 1984 of sequences flanking such codons]. In general, we have assumed that translation starts at the first available ATG in an ORF, but in some cases a subsequent ATG codon is also a good candidate as a potential translation initiation site.
Reasonable predictions of the locations of 3' polyadenylation sites of mRNAs can be made, but in the absence of precise transcript mapping data the locations of transcription initiation sites cannot be assigned realistically. Our gene layout map in terms of ORFs is readily compatible with a proposed transcript map in which transcription starts close upstream of ORFs and terminates adjacent to polyadenylation-associated sequences. These are located either immediately after the ORF to be expressed by a given transcript, or further downstream after another similarly oriented ORF or ORFs to give the established HSV pattern of 3' coterminal families of transcripts (Wagner, 1985) .
Characteristics of gene organization in Uc
As shown in Fig. 2 and 3 we have identified 57 ORFs in UL which, we propose, represent the coding regions of 56 genes. One gene, previously analysed by Costa et al. (1985) , is spliced and contains two ORFs in separate exons. We have designated the genes sequentially as UL1 to UL56. Coordinates of the reading, flames and available information on locations of transcripts are summarized in Table 1 . Data on sizes and functions of encoded proteins are listed in Table 2 . We note here that for reasons of space the references given in Tables 1 and 2 are indicative rather than comprehensive. References to work on HSV-2 genes have not been used.
Genes are found oriented in both directions, with no pronounced long range ordering (although there is a weak tendency towards clustering in a given orientation). Twenty-seven genes are rightward and 29 are leftward oriented. ORFs are quite closely packed: 89 ~o of UL is considered to code for protein. There are 11 proposed overlaps of coding sequences within UL (listed in Table 3 ), which occur in two major clusters at genes UL5 to UL14 and UL30 to UL33. Most of these are at present proposed from DNA sequence interpretation only and, because of uncertainty in identifying translational starts, some are tentative. It is clear from the close apposition or overlap of adjacent coding regions that in many cases transcriptional control elements must overlap with the polypeptide coding region of an adjacent gene. In UL there are 47 separate sequences that are proposed not to code for polypeptides. Some of these are relatively large; five contain more than 500 bp. The largest non-coding region, of 754 bp, lies between genes UL29 and UL30, and contains oriL. Table 1 summarizes available information on sites of initiation and termination of mRNAs for genes in UL. mRNA mapping data have been published for about half of these genes, although they vary in their completeness, and for the remainder we have proposed loci for polyadenylation sites. All of the proposed polyadenylation sites are also indicated in Fig. 2 . There are 38 such loci, 23 of which serve 'singlet' transcripts, while the other 15 are located at the distal point of sets of genes transcribed into 3' coterminal families. These putative polyadenylation sites were proposed on the basis of their positions relative to ORFs and it is quite possible that some are, in reality, not functional. This applies in particular to the site distal to gene UL2, which is atypically close to the next ORF, and those distal to UL19 and to UL24, which contradict available mRNA mapping data (Costa et al., 1984; Holland et al., 1984; Wagner, 1985) (see Table 1 ). Besides such reservations in interpretation, experimentally observed transcription patterns are made more complex by the fact that some polyadenylation sites have been observed to function only partially, so that a superimposed class of readthrough mRNAs can be seen, for instance with the genes we have designated UL29 and UL38 (Holland et al., 1984; Rafield & Knipe, 1984; Anderson et al., 1981) .
DNA sequences of a number of the genes in UL have been published for other strains of HSV-1 and with some exceptions are in agreement with our data. Comparisons generally show occasional single residue substitutions, which we presume to represent divergence of strains. No Everea (1983) Rixon&McGeoch (1985) Rixon &McGeoch (1984) Rixon&McGeoch (1984) ; Murchie &McGeoch (1982) 146803 151043 Rixon et al. (1982) ; Murchie & McGeoch (1982) * The locations of protein-coding regions of proposed HSV-1 genes are given, from the first residue of the translation initiation codon to the first residue of the stop codon, with the numbering of Fig. 3 . Leftward oriented genes are marked C.
D. J. McGEOCH AND OTHERS
Locations of coding regions and transcripts for HSV-1 genes
t For genes with adequately mapped mRNAs, the location of the 5" terminus is given. For all genes, the location of the 3' terminus is indicated by the position of the upstream residue of the polyadenylation sequence (AATAAA or ATTAAA) proposed for the transcript; the actual 3' terminus of the mRNA would then be 20 to 30 nucleotides downstream.
References are to transcript mapping papers; they are not exhaustive. § Reference for oriL, Weller et al. (1985) ; Otis, Stow & McMonagle (1983) .
II Genes US1 and US12 contain introns in their 5' non-coding regions, not listed here (Murchie & McGeoch, 1982 ).
other differences were present in the most recently published versions of the coding regions of the genes now designated UL11, UL12, UL15, UL22, UL23, UL27, UL44, UL45, UL46, UL48 and UL53 (see Table 2 for references). Frameshifting changes were present in versions of the genes we have designated UL28 (Pellett et al., 1986) and UL47 (McKnight et al., 1987) and we consider, having re-examined our own data, that these most probably represent sequencing errors by those workers. In addition, it has emerged that our original published version of gene UL30, encoding the DNA polymerase, contained a local frameshift error, at residues 63147 and Gene   IEII0   UL1  UL2  UL3  UL4  UL5   UL6  UL7  UL8   UL9   UL10  ULll   UL12   UL13  UL14  UL15   UL16  UL17  UL18  UL19   UL20  UL21   UL22   UL23   UL24  UL25  UL26  UL27   UL28  UL29   UL30   UL31  UL32   UL33  UL34   UL35  UL36  UL37  UL38 (Rixon & McGeoch, 1984) * Overlaps include stop codons where applicable.
However, the VZV counterpart of R L is only 88 bp (Davison, 1984) . During the divergence of HSV-1 and VZV from a common progenitor, very extensive processes of incorporation of mutations have evidently taken place, to the degree that VZV has an overall genome base composition of 46.0 ~ G + C, compared with the 68.3 ~ G + C of HSV-1. We have previously compared gene organization in the S regions of the two viruses (Davison & McGeoch, 1986) , which are the least similar parts of the two genomes (Davison & Wilkie, 1983) . Seven pairs of related genes were identified, as judged by similarities in predicted amino acid sequences. However, VZV lacks counterparts of six genes found in the HSV-1 S region, and the two regions exhibit considerable relative rearrangement of genes.
From an earlie[ comparison of the DNAs of HSV-1 and VZV by cross-hybridization, it was known that the sequence organization of VZV UL was grossly collinear with that of HSV-1 (Davison & Wilkie, 1983) , with the technical qualification that the map and sequence of VZV correspond to the HSV-1 'inverted long region' isomer rather than to the accepted prototype. We have now compared the amino acid sequences of HSV-1 L region genes with those of VZV. A large quantity of data was generated by these comparisons and in this paper we present only the chief conclusions. First, we have found that with few exceptions, to be detailed below, each gene in HSV-I UL possesses an equivalent in VZV UL, as judged by similarity in encoded amino acid sequences. VZV equivalents of HSV-1 genes are given in Table 4 . Second, the degree of similarity varies widely. Similarity between corresponding pairs was quantified by aligning the sequences with an optimizing program (Taylor, 1984) , and expressing the number of identical, aligned residues as a percentage of total length after the introduction of any gaps during the alignment (Table 4) . (We note here that this is a relatively crude, if concise, measure of similarity.) The pairs most strongly conserved show over 50~o coincidence of identical amino acid residues, while in those which are least conserved this value is below 20~ (that is, at the lower end of the effective range of this comparison technique). Finally, the gene layout of HSV-1 UL is congruent with that of VZV in the relative positions and orientations of corresponding genes. We consider that these results offer strong support to the general correctness of the interpretations made of each DNA sequence.
The differences between the two arrangements of genes are as follows. VZV is considered to possess an additional gene (number 57) which has no counterpart in HSV-1, at a position corresponding on the HSV-1 map to downstream of and in the same direction as UL3. Similarly, VZV has an extra gene (number 32) at a position corresponding on the HSV-1 map to downstream of UL27 and in the same orientation. VZV does not appear to have a counterpart of HSV-1 UL56, but at the equivalent location has two genes (numbers 1 and 2) without HSV-1 counterparts. The functions of the genes mentioned so far are not known. VZV also lacks a counterpart of HSV-1 UL45, but possesses at the equivalent location and in opposite orientation a gene (number 13) which encodes the enzyme thymidylate synthase (Thompson et al., 1987) ; HSV-1 does not have a thymidylate synthase gene. Finally, VZV gene 61 lies at one extremity of VZV UL, and is the counterpart of the HSV-1 IE 110 gene, which lies in RL and is thus present in two copies (Perry et al., 1986) . The single-copy VZV gene 61 occupies a position relative to the other UL genes that corresponds to the HSV-1 IE110 gene copy in TRL (see Fig. 2 ).
EBV shows substantial divergence from HSV-1 and VZV, both in its overall genome arrangement and in the set of genes present. Davison & Taylor (1987) systematically compared the VZV and EBV genes and identified a number of corresponding pairs. We have transferred those findings to HSV-1 and have made further, individual checks, as indicated in Table 4 , but have not carried out de novo a systematic comparison between HSV-1 and EBV.
Functions of HSV-1 UL genes
After identification of the complement of genes in UL, the next priority was to assign functions. There are two types of data that can yield such information. Most important quantitatively is the pre-existing body of genetic and biochemical work on HSV, surveyed in this section; the other type concerns inferences which can be made from the nature of encoded amino acid sequences, and is examined in the following section. Notwithstanding the large amount of experimental work which has been carried out in characterizing HSV, for many HSV genes our knowledge of function is still very limited or totally lacking. In this paper our efforts have been directed to providing some rudimentary indication, wherever possible, of the involvement of each encoded protein in virus structure or activities in the infected cell. This exercise yielded labels which vary greatly in quality, from precise and quite complete description of function (e.g. UL30, the replicative DNA polymerase) to minimal indication (e.g. UL6, a virion component). Information on protein function is summarized in Table 2 .
Only one of the five recognized immediate early (IE) genes of HSV-1 lies in UL; this is UL54, which specifies the protein IE63 (Watson et al., 1979) . Many genes in UL are known to have a role in replication of virus DNA. There is a set of seven genes whose products are required to promote amplification of a test plasmid containing an HSV origin of DNA replication (Challberg, 1986; Wu et al., 1988; McGeoch et al., 1988) . These include the genes for DNA polymerase (UL30), the major DNA-binding protein (UL29) and another DNA-binding protein (UL42) (Parris et al., 1988) , but little is yet known about functions of the other four (UL5, UL8, UL9 and UL52). The UL5 amino acid sequence exhibits an ATP-binding site consensus, and is proposed to represent an ATP-using enzyme such as helicase . Other genes are also known to specify proteins involved in DNA synthesis or nucleotide metabolism. These include UL12 (deoxyribonuclease), UL23 (thymidine kinase), UL39 and UL40 (subunits of ribonucleotide reductase) and UL50 [deoxyuridine triphosphatase (dUTPase)]. Gene UL26 is known to encode a virion structural protein which is involved in processing and packaging of progeny DNA (Preston et al., 1983) .
The virion of HSV is a complex structure, estimated to contain around 30 distinct protein species (reviewed by Dargan, 1986) . Several genes encoding well-known virion proteins lie in the UL region. These include UL19 (the major capsid protein), UL48 (the major tegument protein, which serves to activate transcription of IE genes in the newly infected cell; Campbell et al., 1984) and three genes encoding surface glycoproteins (UL22, UL27 and UL44). A combination of genetics and protein mapping has enabled identification of a number of other genes which encode virion proteins (UL26, UL34 and UL36) and, in addition, certain genes have been found to be the loci of mutants whose phenotypes imply that they most probably specify virion proteins (UL6, UL25, UL32, UL38 and UL41). However, the genes for a number of virion proteins have not yet been identified. There are several loci in UL where mutations can cause a syncytial plaque phenotype, which most probably arises from changes in structural proteins. One of these corresponds to UL27, specifying the virion surface glycoprotein B (Bzik et al., 1984) and another is in UL53 (Debroy et al., 1985; Pogue-Geile & Spear, 1987) . There are IE110  61  Local only §  -UL 1  60  19  BK RF2 ?  UL2  59  39  BKRF3  UL3  58  36  BKRF4?  UL4  56  25  -UL5  55  56  BBLF4  UL6  54  38  BBRF1  UL7  53  32  BBRF2  UL8  52  28  BBLF3 ?  UL9  51  44  BBLF2 ?  UL10  50  25  BBLF3  UL11  49  26  BBLF1 ?  UL12  48  29  BGLF5  UL13  47  33  BGLF4  UL14  46  29  BGLF3?  UL15 Exon 1  45"~  BGRF1  Exon 2  42.j  59  BDRF1  UL16  44  27  BGLF2  UL17  43  33  BGLF1  UL18  41  43  BDLF1  ULI9  40  52  BCLF1  UL20  39  21  UL21  38  30  BcRF1  or BTRF1 ?  UL22  37  25  BXLF2  UL23  36  28  BXLF1  UL24  35  32  BXRF1  UL25  34  44  BVRF1  UL26  33  34  BVRF2  UL27  31  45  BALF4  UL28  30  46  BALF3  UL29  29  50  BALF2  UL30  28  52  BALF5  UL31  27  48  BFLF2  UL32  26  43  BFLF1  UL33  25  30  UL34  24  42  BFRF 1 ?  UL35  23  15  BFRF2  or BFRF3?  UL36  22  27  BPLFI ?  UL37  21  26  BOLF1 ?  UL38  20  34  BORF1  UL39  19  30  BORF2  UL40  18  54  BaRF1  UL41  17  32  -UL42  16  21  BMRF1 ?  UL43  15  20  BMRF2 ?  UL44  14  23  UL45  UL46  12  26  UL47  11  19  UL48  10  27  -UL49  9  28  -UL50  8  25  BLLF2  UL51  7  36  BSRF 1 ?  UL52  6  37  BSLF1  UL53  5  29  -UL54  4  29  BMLF1  UL55  3  27  -UL56 - USl  63  Local only~  -US2  --US3  66  33  -US4  ---US5  ---US6  ---US7  67  23  -US8  68  22  -US9  65  24  -USI0 64
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* From the data of Davison & Scott (1986a) .
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t HSV-1 and VZV amino acid sequences were aligned using the HOMOL program, with default parameters (Taylor, 1984) and the number of aligned, identical residues expressed as a percentage of the total length including gaps introduced by the program.
:~ Based on results of Davison & Taylor (1987) and data of Baer et al. (1984) . Assignments based on genome position only, with no sequence similarity, are shown with question marks.
§ See Perry et aL (1986) . et al. (1986a) . ¶ See Davison & McGeoch (1986) .
II See McGeoch
also two more, somewhat tentative associations of U L genes with syn mutations, namely UL1 (data of Little & Schaffer, 1981) and UL24 (from results of Sanders et al., 1982) . We are not aware of any studies that have clearly identified specific genes in UL whose products have functions outside these categories of IE, DNA replicative and associated, and structural and assembly. However, one such gene is recognized in the Us region, in that US3 specifies a protein kinase of unknown role (McGeoch & Davison, 1986a; Frame et al., 1987) . Certain genes in UL are known to be non-essential for growth of virus in actively dividing cells in tissue culture, since virus strains in which these genes are inactivated are viable. These include UL23 (thymidine kinase; Jamieson et al., 1974; Sanders et al., 1982) , UL24 (function unknown; Sanders et al., 1982) , UL39 (large subunit of ribonucleotide reductase; Goldstein & Weller, 1988) , UL44 (gC; see Draper et al., 1984) , UL50 (dUTPase; Fisher & Preston, 1986) , UL55 and UL56 (functions unknown; MacLean & Brown, 1987) .
After this listing, there remain some 28 genes in UL for which there is no real indication of function. There also exists a considerable amount of further genetic data, but because this concerns either mutations which have not been mapped accurately enough to correlate uniquely with one gene, or phenotypes whose basis is obscure, it is not dealt with in this paper.
Amino acid sequence characteristics of UL-encoded proteins
Three types of computer analysis of the predicted amino acid sequences of proteins encoded in UL were carried out: these were searches for homologues, searches for motifs associated with particular functional sites, and examination of the content and sequence of particular residue types. Disappointingly, very little interpretable information has yet emerged from these studies. Searches for sequence homologues enabled identification, as expected, of homologous herpesvirus sequences that were already in the database, but they did not yield any new information on HSV-1 gene function. DNA polymerase (UL30) and ribonucleotide reductase (UL39 and UL40) have been shown to be homologous with non-herpesvirus proteins (Earl et al., 1986; Nikas et al., 1986) . However, no convincing new similarities of other UL proteins to nonherpesvirus proteins were found. So far, the only HSV-1 gene for which a function has been assigned by this approach is US3, which encodes a protein kinase (McGeoch & Davison, 1986a) .
In this section we concentrate on describing analyses aimed at identifying proteins which might be membrane-associated. Known proteins in this class are the virion glycoproteins gH, gB, gC, gG, gD, gI and gE, encoded by genes UL22, UL27, UL44, US4, US6, US7 and US8 respectively. All of these proteins have recognizable N-terminal, hydrophobic 'signal' sequences (involved in targeting the nascent protein to translation in association with the endoplasmic reticulum) and C-proximal hydrophobic sequences (which act as transmembrane anchors). It was clearly of interest to evaluate whether further proteins in this class might be encoded by HSV-1. We therefore examined the amino acid sequences of the UL-encoded proteins to test for the presence of possible N-terminal signal sequences and for the occurrence of hydrophobic sequences capable of spanning a lipid bilayer membrane.
Apart from the known glycoprotein sequences, we were unable to find any polypeptides which might represent glycoproteins with an N-terminal signal sequence and a single, Cproximal transmembrane sequence. However, there were several other classes of polypeptides which might be membrane-associated. Most notably, the amino acid sequences from genes UL10, UL20, UL43 and UL53 each possessed several uncharged, hydrophobic sections of sufficient length to be membrane-spanning as a-helices (taken as at least 16 residues). It is thus possible that these proteins might exist with the amino acid chain inserted multiply through a membrane, in the infected cell or in the virion. The UL53 gene is known to be the locus of a mutation that causes a syncytial plaque phenotype (Debroy et al., 1985) , which would be consistent with its existence as a membrane protein. Also, the amino acid sequences from genes UL1, UL3 and UL45 each have a single pronounced hydrophobic section in the vicinity of the N terminus, and the UL34 sequence has a similar, near C-terminal section. The UL34 protein is thought to be a virion species.
Of the sequences just mentioned, only those from UL1 and UL53 appeared to possess an Nterminal signal sequence, when tested by the criteria of McGeoch (1985) . However, as mentioned previously, assigning a translational start position can be a relatively uncertain part of the sequence interpretation process, and an error in the start position would affect the evaluation of the existence of an N-terminal signal sequence. Therefore, for every ORF that possessed a nearby, second possible in-frame translation initiation codon, we tested for signal sequence character starting at this second site. This brought the sequences from UL3, UL10 and UL45 to scoring positively as being potentially membrane-translated.
Thus, it seems quite probable that some of these proteins may be translated on membranebound ribosomes, and that those translated in this way, and some of the others also, may exist in association with lipid membranes of the cell or virion. We have not been able with confidence to propose orientations of amino acid chains with respect to cytoplasmic and extracellular faces of the lipid bilayer. Some of these sequences (UL1, UL3, UL10, UL43 and UL53) do possess potential N-glycosylation sites, of the form N-S and N-T (Hubbard & Ivatt, 1981) . It should be noted that the process of examining hydrophobic sections in amino acid sequences of unknown function does not have a clearly defined endpoint, and we have discarded certain candidate sequences. In particular, the sequence from UL32 possessed a possible signal peptide which, after comparison with the VZV counterpart, was provisionally discounted. The data on potential membrane-associated proteins are summarized in Table 5 .
Overall view of the HSV-1 genome sequence
This section briefly examines the whole genome. Our complete sequence for HSV-1 DNA contains 152260 residues in each strand, and has a base composition of 68.3~ G+C. This is slightly higher than the value of 67 ~, based on buoyant density centrifugation, which has been accepted in recent years (Kieffet al., 1971 ; Halliburton et al., 1975) . As indicated in Fig. 1 , there are a number of families of tandem reiterations in the genome. It can now be seen that these are heavily clustered within the repeat regions. Interestingly, there is only one repeat family in the whole of U L. This is within the coding region of gene UL36 at residues 71604 to 71814 of Fig. 3 , and is proposed to specify a repeated amino acid sequence (35 copies of Pro-Gin). Variation in et al., 1986a) ]" Possible signal sequences were evaluated by the method of McGeoch (1985) . :~ Transmembrane sequences were evaluated by the methods of Eisenberg (1984) and Rao & Argos (1986) and were taken as having at least 16 contiguous uncharged amino acid residues.
§ Possible N-glycosylation sites are the sequences N-S and N T (Hubbard & Ivatt, 1981) .
the copy numbers of repeat families and of a sequences is known to occur and must cause a range of genome lengths. It seems likely that these could vary from at least 200 residues shorter than our sequence to perhaps 2000 residues longer. Although most of this paper has been concerned with UL, data on the remaining regions of the genome have been included in Fig. 1 and 2 , and in the Tables, with numbering of residues referring to the complete sequence. In our analysis of the Us region , we proposed that there are 12 genes in Us. This proposal has been supported and expanded by subsequent work, and proteins corresponding to 11 of the genes have now been detected (Frame et al., 1986a (Frame et al., , b, 1987 and unpublished results) .
The Rs and RL regions each contain one well characterized gene, encoding the transcriptional control proteins IE 175 and IE 110 respectively. Recently, Hubenthal-Voss et al. (1987) reported a novel transcript originating from Rs late in infection, and proposed that it corresponds to a previously uncharacterized gene whose coding region runs across the origin of replication termed oris. In our view, this region does not exhibit patterns characteristic of genuine HSV-1 protein-coding sequences (results not shown). In addition, the ORF concerned is not conserved in the corresponding region of HSV-2 DNA (from the data of Whitton & Clements, 1984) . Thus, whatever the significance of this transcript from Rs may be, we do not consider that the findings so far warrant enumeration of another gene in the region.
The largest parts of the HSV-1 sequence not allocated as polypeptide coding lie on each side of the IE110 gene in RL (see Fig. 2 ). Chou & Roizman (1986) and Ackermann et al. (1986) have presented evidence that in HSV-1 strain F there is a gene with a 358 codon ORF upstream of the IE110 gene. Since this ORF is thoroughly disrupted in our sequence, we consider that the interpretation proposed by Chou & Roizman (1986) is probably, at best, incomplete (L. J. Perry & D. J. McGeoch, unpublished results), and we regard the existence of a gene in this locality as not being established at present. On the downstream side of the IE110 gene there is a 3500 bp sequence of obscure function. Recent work from several laboratories has shown that part of this region is transcribed, most characteristically in latently infected neurones (Stevens et al., 1987; Rock et al., 1987; Spivack & Fraser, 1987 Thus, for the moment, our best estimate is that the HSV-1 genome contains the following numbers of genes: 56 in UL, 12 in Us, one in each of TRL and IRL, and one in each of TRs and IRs. This amounts to 72 protein-coding genes in the HSV-1 genome; with the IE175 and IE110 genes each represented twice, there are a total of 70 distinct polypeptides encoded in the genome.
DISCUSSION
It is certain that the DNA sequence of HSV-1 will be of central importance in future genetic studies of the virus, and also more generally in research on HSV and other herpesviruses. We sought to determine the sequence and interpret it as correctly as possible. However, a number of points should be noted. With respect to present day techniques of DNA sequencing, determination of the complete genome sequence of HSV-1 was a large undertaking which was made signficantly more severe by the high G + C content of the DNA. We regard it as inevitable that errors should occur in such an analysis at some finite frequency. Next, the interpretation of D NA sequences involves a large element of model-building, and thus can also be liable to error. To a large extent, the process of interpretation was constrained by what was already known about HSV genes. It is of concern that these reservations may be remote to the eventual user of the data for experimentation.
While the nature of the sequencing process precludes any formal method for quantification of the error frequency, we think as an informal estimate that the incidence of significant errors is probably not more than 1 per 10 4 residues. Regarding the quality of our interpretation of the sequence, we consider that the criteria we applied for pattern analysis, relations between adjacent genes, and compatibility with pre-existing data, and also the many similarities found with proposed VZV genes, give excellent assurance that genes and their ORFs have been correctly located. There are, however, potential weaknesses: first, in some cases we cannot be sure of the correct start position of an ORF and, second, the possibility of local shifts of reading frame caused by residual sequence errors cannot be absolutely excluded.
We must point out that our present listing of genes may not represent the complete gene set of HSV-1. As detailed in Results, there are unresolved questions regarding the gene content of the major repeat elements. In our interpretation we adopted a conservative approach, looking for indications of a gene's reality beyond the presence of an ORF (of which many exist in the sequence other than those considered genuinely functional). We recognized that we could not locate highly spliced, or extensively overlapping, or very small genes. If genes in any of these classes exist in the HSV-1 genome, then further experimental approaches, such as cDNA cloning, will be needed to detect and characterize them.
From the results presented in this paper it is evident that much work remains to be done in the characterization of HSV-1 genes. For many we need to know a great deal more about aspects of their expression, including the control of transcription, the structures and stabilities of transcripts, and characteristics of translation. The products of many genes remain to be identified and their behaviour and function described.
Determination of gene function remains a most important objective of this whole area of research. We believe that a certain amount of progress in this should be attainable by analysis of the amino acid sequences. Thus, we have proposed from sequence characteristics several gene products that may exist as integral membrane proteins, and one can envisage interesting roles for such species. In general, however, direct investigation by genetic and biochemical methods will be required to establish functions. It has recently become apparent that most of the HSV-1 Us genes are not essential for growth of virus in tissue culture (Umene, 1986; Weber et al., 1987; Longnecker & Roizman, 1987) , and similar evaluation of the set of UL genes should now be carried out. As described in Results, it is known that several UL genes are not required in tissue culture. Among the remainder many are not known to represent the locus of any conditional lethal, temperature-sensitive mutant, so could therefore possibly be dispensable for virus growth in tissue culture. This class may include genes with important roles in some aspects of viral activity other than simple lytic growth.
Comparisons between herpesviruses of gene organization and the sequences of corresponding polypeptides are of value in several ways. In the study of a given protein, conserved parts may include elements of particular functional importance. Next, knowledge of the function of a gene in one herpesvirus can be applied to other members of the family. Lastly, these comparisons enhance our understanding of the evolutionary relations between herpesviruses; they allow definition of the kinds of events which have taken place during the divergence of the present day genomes, and hence an approach to defining mechanisms which may have been involved in this evolutionary process.
The amount of data contained in the HSV-1 genome sequence is so large that, in this paper, we have only been able to deal briefly with certain topics. We intend to pursue some aspects in more detail at a later date. The complete HSV-1 DNA sequence will be deposited with the EMBL Sequence Library.
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CACCTTGGGGGCTGAGGTTAGC TGCCAC ATGACC AGCAGGTC GCTGTC TGC GGGACTCATCC ATCCTTC GGCCAGGTC GCC GTCTCCCC ACAGAGAAGC GTTGGTC GCTGC TTCC TC GAG 28560
TTGCTCCTCCTGGTCCGC AAGAC GATCGTCC AC GGCGTCC AGGC GCTC ACCAAGC GCC GGATC GAGGTACC GTCGGTGTGC GGTTAGAAAGTC AC GAC GC GCCGCTTC~C TCCTCC AC GCG 28680
AATTTTAAC ACAGGTC GC GC GC TGTCGC ATC ATCTCTAAGC GC GC GC GGGAC TTTAGCC GC GCC TCC AATTCC AAGTGGGCCGCCTTTGC AGCC ATAAAGGCGCCAACAAACC GAGGATC 28800
TTGGGTGC TGACGCCC TCCC GGTGCAGC TGC AGGGTCTGGTCC TTGTAAATCTCGGC TC GGAGGTCTC TC GGCC AGGC GTCGGCGC AGGGCC GC GTGGGC GGCATC TC GGTCCATTCC GC 28920
End of ULI5 exon 1 / CATAC AC AC ACAACC AGAC GC GGGAGGAAAGTCTGCCCC GTGGGC ACTGATTTTTATTCGGGATCGCTTGAGGAGGCCCGGGC AACGGCCCGGGC AACGGTGGGGC AAC TCGTAGC AAAT 30240
CATCCCAGATGGCGGGCCC TGC TTCCCGGTGGACAGAGC GACCCC AGGTC C,C TGTCC ATGGCCC AGC AGTAGATC TGGCC C~TGGGGAGGTGCC ACCAGGCCCCCGGGCCC AAGGCGC AG 30720
CAC GC GCCC GGCTCC GGGGGGGTC TTCGC GGGGACCAGATACGC GCC ATCCAGC TCGCCGACCAC TGGC TCC TCCGC GAGCTGTTCGGTGGTTGGGTCGGGGGTTTCC TCC GGGGGGGTG 30840
CGCGTGCC GCGAGC TCCGGCCCGGGAATCCGGCCGGGGC AAGGTCCCC GGGGGACC AGGC GGC GCCAGGGGCC GCC GGGGTCCC AGC TGC GCC ATGCCGGGGGC ~GGGGAGG~ ~CC 31320
AC GGAGTTC TC GTAGGAGAC GAC GACGAAGCGCTGC TTGGTTCCGTAGTGGTGGCGC AGGACC AC GGAGATAGAAC GACGGCTCC AC AGCC AGTCCGC, CC GGTC GCC GCCGGCC AGGGC T 32400
TCCC ATCC GCGATCC AACC ACTCGACCAGCGACC GC GGC TTTGCGGTACC AGGGGTAAGGGTTAGAAC GTCGTTC AGGATGTCC TCGCCCCC GGGCCCGTGGGGC GC TGGGCCC AC AAAO 32520
CGGCCCCCGCC GGGGGGCTCC AGACCCGCC AGC ACC GC ATC TGC GTC AGCCGCCCCC ATGGC GCCCCC GCTGAC GGCC TGGTGAACC AGGGCGCCC TGGC GTAGCCCCGATGC AAC GCC A 32640
CAGGCC GC AC GCOCGGTCC GC GC TC GGACC GGGTGGCGGC GGGTGAC GTCCTGC AC TGCCC GC TGAACC AAC GC GAGGATC TCC TC GTTCTCC TGTGC GATGGAC AC GTCC TGGGCC GCG 32760
GTCG% GTC GCC GCCGGGGGCC GTC AGC TGC TCCTCC GGGGAGATGGGGGGGTC GGAC GCCCCGACGATGGGC GGGTCTGC GGGC GCCCCCGC GTGGGGCC GGGCC AAGGGC TGC GGACGC 32880
GGGGAC GC GC TTTCCCCC AGACCCATGGAC AGGTGGGCC GC AGCCTCC TTC GC GGCC GGCGGGGC GGC GGC GCC AAGC AG~,CJCGAC GTAGCGGC AC AAATGCC GAC AGACGC~ ATGATG 33000
CGC GTGC TGTCGGCCC~CGT~GCGC GTGTTGGGGGGGAC GAGCTC GTC GTAAC TAAAC AGAATC AC GC GGGC AC AGC TC GCCCCC GAGCCCC ACGC AAGGC GC AGC GCCGCC AC GGC GTAC 33120 
GGGCC TGGGTGTTGTGC AGC AC~ TGGCC GTC GTTGC GGTTGAAGTCC GC GGTC GC C AC GTTAC ATGCC GCC C-C OTAC AC GGGGTC GTGGCCCCCC GC GC TAACCC GGC AGTC GC GATGGC 38280
C-C GAGTAGTC GTTC AC GAAC GCC GC GCACCGC GTGTTGTTCC AGTAC.C TGGTGATOC ACTGGACC AC GAGCC GGGCC AGGGC GC AGAAGAC GTGC TC GC TGCC GTGTATGGC GGCC TC-CA 38640
AGAAGTC GAAC C-C GGGGTGC AGC TC AAGAGCC AGGTTGGCGTTGTC GGGC TGC ATAAAC TGC TCC GGGGTC ATC TGGCC TTCC GC GAC C C ATCGGACCC GCCC GTGGGCC AGGC GC TGCC 39000
GGTGGCC GGGGGC GGGGAC TAGGTCCCC GGCGTGC GC GGC AAACC GTTC C ATGAC C GGATTGAAC AGGCC C AGGGGC AGGAC GAAC GTC AGGTCC ATGGC C.CCC ACC AGGGGGTAGGGAA 39360
CGTTGGTGGC GGCGTAGATGC GC TTC TCC AGGGCC TCC AGAAAGACC AGC TTC TC C, CC GATGGACACC AGATCC GC GC GC AC GC GCGTC GTC TGGGGGGCGC TC TCGAGC TC GTCC AGC G 39480
CC ATC TC GCCGTACGTC ACC GGC AC GTC GGC TTC OGTGTCCTCC ~C TTTC AGSAAGGAC TGC AGGAG GC GC TGTTTGATCGGGC-C GGTGGTGACGAGC ACCCC GTCGACC GGCC GCCC GC 39720
TC TC GC AGAAGC TTC GC TTTAGC TC GGCGACC AGOGTC GCCCGGGC CACCC TGGTGGCC AGGC GGCC GTTGTCC AGGTATCGTTGC ATC GGC AAC AACAAAGCC AGGGGC GC-C GCCTTTT 39960
0CGGGCCGTCGC 8GGC AATCAGC GGC TGGTGGACC TC GAAC TGTACGC GCCCC TC GTTC ATGTAGGCC AGC TCC GGAAAC TT GGTAC ACAC GC AC GCC ACC GACAACCC GAGC TCC AGAA 40320
TATTGGCCCGGGGAGGC TAAGATCC ACCCC AAC GCCC GC-CC ACCC GTGTACGTGCCC GAC GGCCC AAGGTCC ACC GAAAGAC AC GAC GGGCCC GGACCC AAAAAGGC GGGGGATGC TGTG 40680 TGAGAGGCCGGGTGCCGGTC GGGGGGGAAAGGC ACCGGGAGAAGGC TGC GGCC TC GTTCC AGGAGAACCC AGTGTCCCC AAC AGACCC GGGGAC GTGGGATCCCAGGCCTTATATACCCC 40800 CCCCCCC GCCCC ACCCCC GTTAGAAC GC GAC GGGTGC ATTCAAGATGGCCC TGGTCC AAAAGC GTGCC AGGAAGAAATTGGC AGAGGC GGC AAASC TGTCC GCC GCC GCC ACCCAC ATC G 40920 UL20 -
CCC AC GTAAC GTAGTAGCCGAC GATGGCGGCC AGGATAC AGGCC GGC GCC ACC ACCC TTCC GGTC AGCCC GTAATAC ATGCCC C,C TGCC ACC ATCTCC AAC GGC TTC AGGACC AAAAAC G 41280
CGC AAAGGGTC GC TTAC GTCAGCASGATCCC GAGATC AAAGAC ACCC GGGTTC TTGC AC AAACACC ACCC GGGTTGC ATCC GCGGAGGC GAGTGTTTTGATAAGGCC GTTCC C-CGCC TTG 41640 ATATAACC TTTGATGTTGAC CACAAAACCC GGAATTTAC GC CTACGCC CC AATGCCC AC GC AAGATGAGGTAGGTAACCCCCCC GTGGGTGTOAC GTTC-C GTTTAGTTC ATTGGAGGCC A 41760 AGGGGAAAAATGGGGTGGGGAGGAAAC GGAAAACCC AGTAGGCC GTGTC GGGAAC AC GCCC GGGGTTGTCCTCAAAAGGC AGGGTCC ATAC TAC GGAAGCC GTC GTTGTATTCGAGAC C T 41880
GCC TGTGCAACGC AC GTC GGGGTTC-CC TGTGTCC GG TTC GGCCCCC ACC GC GTGCGGC AC GC AC GAGGAC GAGTCC GC GTGC TTTATTGGC GTTCC AAGC GTTGCCC TCC AGTTTC TGTT 42000
GAC AGGCCC AGAC GACCGC GTGGTCGCC AAC TATGTAC GAAGCGAGC TCC GAC AAC GC GGCC TGC AGGAC GTGC GTCCC ATTGGGGAGGAC GAGGTGTTTC TGGAC AGC GTGTGTC TTC T 42360
CC TCCCC C GGC TCCCGAGC TC GC TGGAGGCCC TGGTGAGC OGCC TGTTTGACGGC ATCCCC GCCCC AC GCC AGC C AC TTGAC GCCC AC AACCC GCGC AC GGATGTGGTTATC AC GGGCC G 42720
CC GC GCCCC AC GACCC ATC GCC GGGTC GGGGGC GGGGTCGGGGGGC GC GGGC GCC AAGC GGGCC ACC GTC AGC GAGTTC GTGC AAGTC AAAC AC ATTGACC GC GTGGGCCCC C'C TGGCGT 42840
TTC GCC GGC GCC TCC GCC AAAC AAC ACC GAC TC GAGTTCCC TGGTGCC C GGGGCCC AGGATTCC GC CCC GCCC GGCCCC AC 00 TAAGGGAGC TGTGOTGGGTGTTTTATGCC GC AGACC G 42960
GC GCC AC GC, CC TGTAC GTCCCTC GGCCC GAC GACCC AGTCT TG C, CC GATfiCC ATC A ACGGGC TGTTTC C,C GAC tic GC TGGC GC-CC GG AACC AC AC-CC GA~ A~ TCC TC ATGTTC GAC C T 43320 -535  CCGTCTTTCC GCGTTTGACCGC GGAGC GGCGGGC GC GGCC AC.CCGC AC C~ GGGCC GCCGGGTACC TGGATGTGC TTCTTACC GTTCGTC TC GC TC GC TCCC AAC AC GGAC AGTC TGTGTA 43680 AAAGACCCC AA'rAAACGTATATC GC TAC TAC ACCC TTGTGTGTC AATGGAC GCCTCTCC GGGGGGGGGGGAGGGAAAGC AAAGAGGGGC TGGGGGAGC GC-C ACC ACC GGGGCCTGAAC AA 43800 A0 AAACC ACAGAC AC GGTTAC AGTTTATTCGGTCGGGCGGAGAAAC GC-CCGAAC-CC AC C-CCCAC TTTATTC C,C GTC TCC AAAAAAAC GGGAC AC TTGTCC GGAGAACC TTTAGGATGCC A 43920
AGC AACAAGGCCGTGGACGGCAC GTC C,C TCGAAAAO AC GC TTGGGGCGCCC TCCGTCGGCCC GGC GC, C GATTTC, CTGC TGTGTGTTGTCC GTATCC ACC AC-
CC GGCCGC~GTGTAGCGC ATAAAC ACGGCCCCC A0 GAGCCCC AGGTC C,C GCTGGTTTTGGGTGC C,C ACC AGCC GC TTGGACTCGATATCCC GGGTGGAGCC TTCGCATGTC C-CGGTGAGG 44280
GGCTCGACGTTGCK: AGACTGCCCCCC GCACCGATGTGAGGCCTC AGGGAC GAAGGCGCGGATCAGGGC GTTGTAGTGTGCCCAAC GC GTC AGGGTC GAGGC GAGGCC GTGGGTCTGCTGG 44520
AGAATCTCGGCCACCAGGTC~ TGGAC-CCGAGCCTC TAGCTGC AGGC GGGCC GTGGGATCCAAGAC TGAC ACATTAAAAAAC AC AGAATCC C'CGGC ACAGCCCGCG~CCC ~ ~ G~C 45120
GGGTCCCCGACCC GATCTAGCGTCTGGCCCGCGGGG~%CC ACC ATCAOTTCC ACC GGAGGGC TGTC GTGC ATGGATATC AC GAGCCCC ATGAATTCCCC~CCGTAGCGC GC GC ~ ACCA~ 45600
CAGGTCGTGGACGCGTTGTC'C AOGTGCGTGATGTOCAGC TCC GTCGTCGGGTGCC GCCGGGCCCC AACC GGCGGTCGGGGGGGCGGTGTATC AC GC GGCOC GC TCGGGTGC, CTCGCCGTC 45840
GGGGCGACCGAGGGGGGAGC-CTGGGC GGTC GC-C TC GACCGTGGTGGGGGC GGGCAGGC TC CC GTTCGGGGGCC GGCC GAGCAGSTAGGTCTTCGGGATGTAAAGC AGC TGC, CCGGGGTCC 46080
CGC GGAAAC TCGGCCGTGGTGACCAATACAAAAC AA/%AGCGCTCC TC GTACCAGC GAAGAAGGGGC AGAGATGCC GTAGTC AGGTTTAGTTC GTCC GGC GGC GCC AGAAATCCGCC-C GGT 46200
GG TTT TTGGGGGTC GGGGGTGTTTGGC AC-CC AC AGACC-CCCG GTGTTC GTG TC C~ C-CC AGTAC ATC;C G GTCC ATGCC C A G GCC ATCC A;U%A AC C ATGG G TC TGTC TGC TC AG TC C AGTC G 46320
TGGACC TGACCCC ACGC AACCCCCAAAATAATAACCCCC AC GAACC ATAAACCATTCCCC ATGGGGGACCCCGTCCC TAACCC AC GGGGCCCGTGGC TATGGC AGGGCTTGCCGCCCCGA 46440 CTCCCCC ATCTCCCGOGC AAACGTGCGCC~CAGGTCGC AGATCGTCGGTATGGAC, CCTGGGGTGGTGAC GTGGGTCTGGACC ATCCCGGAGGTAAGTTGC AC-C AGGGC GTCCC GGC AGCC 46800
C~GGC, C GATTGGTCGTAATCC AGGATAAAGAC ATGC ATGGGAC GGAGC, C GTTTGGCC AAGAC GTCCAAAGCCC AGGC AAACACGTTATAC AGGTC C-CC GTTGGGGGCC AC, C ~CTCGGG 46920
CACGGC ATAAGGC ATGCCC ATTGTTATCTGGGCGC TTGTC ATTACC ACCGCC GC GTCCCCGGCCGATATC TC ACCC TGGTCGAGC, C GGTGTTGTGTGGTGTAGATGTTCC, C GATTGTCTC 47520
TCCTOC A GTCCC TCC~ C4:CTCC G G GTGAC AAGATAGTGTACC TGTGCC C CGTCC TGGTGT TTGTC GCCC A AC G~AC C~ TCC CS: GTC AGCC GC GTGACCC G 00 TC GTCCC~ AG 48240 
TC TGC GAGC AGACC GAAAAGGTC ACAC TC TGGGGC GC GCGACCCOCCCGAGTC kGCGC=CCCC~CC AGTT ~CCACCCGCC GACC AAAC~CCC ACC TCC ACGGAGGGC GGGGGGGTGCTTAAG 48480
A 529 GC GACGACAAGCTCCCCAAGAC GC AGTTC GC GGCC GGC GGGGGCCGCTAC GAAC ACGGAGCGCTGGCGTC GC AC ATCGTGATC GCC AC GC TGATGC ACC 80 GGGGTGC TCCCGGCG~CC 49800
409 AGGAC C AGAC TC T GC T CC 08 GC 8ACC GCGAAC ACC AT ~ AC GGCCC TGGC-C GTT ATC C AGC GGC TCC TC GC GA AC G GC AAC GTGTAC GC GG AC C GC C TC AAC AAC C C, CC TGC A GC TGG~A 50040
449 TGC TGATCCCCGGAGCCGTCCC TTCOGAGGCC ATC GCCCGTGGGGCC TCC GGGTCCGAC TC GGGGGCC ATC AAGAGC GGAGAC AAC AATC TGGAGGC GC TATGTGCC AATTACGTGC TTC 50160 TC ATACCCC GTAAACGGC GGGC TCC AGTCCC GOCCC GGCGGTTGGC GTGAAC GC AACGGC GGGAOC TGGGTTAGC GTTTAGTTTAGC ATTC GC TC TCGCC TTTCC GCCCGCCCCCC GACC 50760
184 CTGTTCGCGCACGTC GC GC TGTOCGCGATCGGGCGGCGCCTC GGC AC TATCGTCACC TAC GAC ACC GGTCTCGAC GCCGCC ATC GC C~CC TTTC ~C ACCTG~ ~C G~ G~GAG 51360
CCCCCCATGAACCCCGTTCCGACA~CGGGCACCCC0GCCCCCGCC~CGCCCGGCGaCGGGl%GCT~%CCTGTGGATCCCGGCCTCCCATTACAACCAGCTCGTCC.CCGGCCAT~C~CC 51840
424 GTGC TGTTC TCGGGACCC AGCCC AC TCGAGGC GC AGATAGCC GC GTTGGTGGGGC-CC ATAGCC GC GGACC GCC AGGC GGGC GGTC AGCCGGCC GC GGGAOACCC TGGGGTCCGGGGGTC 0 52080
464 GGI&AAC, CGTC GCC GGTACOAGGC GGGGCC GTC GGAGTCCTAC TGC GACC AGGACGAACC GGAC 00 GGAC TACCCGTAC TACCCC GGGGAGGCTCGAGGCC~CGCCGC GC GGGGTCGACTCC 52200
504 CGGC C~CC'CG C, CCC GCC AT TCTCCC GGOACC A AC GAGACC ATC ~&C GGC C~ TG ATGGGGGCGGTGACOTC TC TGC AGC AG GA AC TGC-C GC AC A TGC GGGC TCOGACC AC'C ~CCCC TATGOA 52320
C~TCC"fCCCC AGGGTCC GGCGTCCC ATGCCCCC ACTCCCCC GTATGCCCC AGC TGCC TGCCC GCC AGGCCCGCC ACC GCCCCC ATGTCC TTCC ACCC AGAC GC GC GCCCC~TACC G~ 0 52560 . AC ACATAGGTC TGC ACC TGCCC GAGCAGGGC TAACAAC TTTTGAC GGGCC AC GGTGGGCTC GGAC ACC GGGGC GGCC ATC TC GC GGC GCC GATC TGTAC C GCGGCC GGAGTATGC GGTGG 58200
ACCGAGGCGGTCC GTAC GC TACCC GGC GTC TGGCTGAGCCCC GGGGTCCCCCTC TTC GGGOCGGCC TCCC CC GGGCCCGCCGAC CGGC AAGCC GGGAGTCGGCGGCGCGTGCGTTTCTGC 88320 TC TATTCCC AGAC ACC GCGGAGAGGAATC AC GGCCC GCCC AGAGATATAGAC AC GGAAC AC AAAC AAGCAC GGATGTC GTAGCAATAATTTATTTTACAC ACATTCCCC GCCCC GCCC TA 58440 GGTTCCCCCACCCCCCAACCCC TC ACAGC ATATCC AAC GTC AGGTCTCC C TTTTTGTC GGGGGGCCCC TCCCC AAAC GGGTC ATC CCC GTGGAAC GCCC GTTTGC GGCC GGC
GTCCC GGGGCCCCC GGGCC GCC GAAC GGC GTC GC GTTGTC GTCC TC GC AGCC AAAATCCCC AAAGTTAAAC AC C TCCCC GGC GTTGCC GAGTTGGCTGAC TAGGGCC TC GGCC TC GTGC G 58680
CCACC TCC AGGGCCGCGTCC GTCGACCAC TC GCCGTTGCCGCGCTCC AGGC=CAC GC GCGGTCAGC TCCATC ATC TCCTCGCTTAGGTAC TC GTCCTCCAGGAGCGCCAGCC AGTCC TC G ~ 58880
TC TGC AGC TGC TGGGTGC GGGGCCCC AGGCTTTTC AC GGTC GCC AC GAACAC GC TAC TGGC GAC GGCC GCCCC GC C CTC GGAGATAATGCCCC GGAGCTGC TC GCACAGCGAGC TTTC GT 58920
GCGCTCCGCCGCCGAGGCTTGAGC, CCGCGC AC AC AAACCCGGCCC GGGGAC AGGCCAGGAC GAACTTGC GGOTGC GGTC AAAAATAAGGAGCGGGCAC GC GTTTTTGCC GCCC ATC AGGC 59040
TGGCCCAGTTCCCGGCC TGAAAC AC AC GGTC GTTGCC GGCC ATGCC GTAGTAC TTGC TGATGC TC AACCCC AAC AC GAC CATGGGGC GC GCC GCC ATGAC GGGCC GCAGCAGGTTGC AGC 59160
TGGC GAACATGGAC GTCCAC GC GCCC GGATGC GC GTCC AC GGCGTCC ATC AGCGCGC GGGCCCC GGCCTCC AGGCCC GCCCC GCCC TGC GC 00ACC AC GCGGCC GC AGCC TGC AC GC TGG 59280
GGGGAC GGCGGGACCCC GC GATGATGGCC GTAAGGGTGTTGATGAAGTATGTC GAGTGATC GCAGTACC GC AGAATCTGGTTTGCC ATGTAGTACATC GCCAGC TC GC TCAC GTTGTTGG 59400
GGGCCAGGTTAATAAAGTTTATC GC GCC GTAGTCC AGGGAAAAC TTTTT KATG;%ACGC GATGGTC TC 8ATGTCC TC GC GC GAC AGGAGCC GGGC GGGAAGC TGGTTGC GTTGGAGGGCCG 59520
TCC AGAACC AC TGC GGGTTC GGC TGGTTGGACCCCGGGGGC TTGCC GTTGGGGAAGATGGCC GC GTGGAAC TGC T TC AGC AGAAAGCCC AGC GGTCC GAGGAGGATGTCCAC GC GC TTGT 59640
CGGGC TTCTGGTAGGC GC TC TGGAGGC TGGC GACCC GC GCCTTGGC GGCC TC GGAC GC GTTGGC GC TC GC GCCC 00 GAAC AAC ACGCGGC TC TTGAC GCGCAGC TCC TTGGGAAACCCC A 59760
GGGTC AC GCGGGCAACGTCC~2CCTCGAAGCTGC TCTC GGC GGGGGCC GTC TGGCC GGCCGTTAGGCTGGGGGCGC AGATAGCC GCCCCCTC C GAGAGC GC 8ACCGTCAGC GTTTTGGCC G 59880
AC AGAAACCC GTTGTTAAACATGTCC ATC AC GC GCC GCC GCAGC ACC GGTTGGAATTGATTGC GAAAGTTGC GCCCC TC GACC GAC TGCCC GGC GAAC ACCCC GTGGC AC TGAC TCAGGG 60000
CGCGAAAC TTGAAGTTCC TCCCC TCCACC AGGTTGC GC ATC AGC TGC TCC AC CTC GC 00TCC AC GACC TGCC TGAC GTTGTTCACCAC C GTATGC AGGGCCTC GC GGTTGGTGATGATGG
60240 R F K F N R G E V L N R M L Q E V E R D V V Q R V N N V V T H L A E R N T I I T 605
TCTCCAC-CC GCCCC ATGGCCGTGGGGACC GCCTGGTCC AC GTACTC.C AGGGTC TC GAGTTC GGCC ATGAC GC GCTC GGTC GCCGC GC GGTAC GTC TCC TGC ATGATGGTCC GGGC GGTC T 60360 E
L R 8 M A T P V A Q D V Y Q L T E L E A M V R E T A A R Y T E Q M I T R A T E 565
CGGATCC GTCCGC GCGC TTC AGGGCC GAGAAGGC GGC GTAGTTTCCC AGC AC GTC GC AGTC GC TGTAC ATGC TGTTC ATGGTCCC GAAGAC GCC GATGGC TCC GC GGGC GGC GC TGGC GA 60480
S G D A R K L A S F A A Y N G L V D C 0 S Y M S N M T G F V 0 I A G ~ A A 8 A F 525
AC TTTGGATGGC GC GCCC GGAGGCGCATGAGC GTC GTGTGTAC GC AGGC GTGGC GC GTGTC GAAGGTGC ATAGGTTAC AGGGC AC GTC GGTCTGGTTGGAGTCC GC GAC GTATC GAAAC
C GTCC ATC TCC TGGC GCCC GAC GATC AC GGC GCC GTC GCAGC GCTCC AGGTAAAAC AGC ATC TTGGCC AGC AGC GCC GGGGAAAACCC AC AC AGCATGGCCAGGTGCTC GCCGGC AAATT 60720
CC TGGGTTCC GCC GAC GAGGGGC GC GGTGGGCC GACCC TC GAACCC GGGC ACC AC GTGTCCC TC GC GGTCC ACC TGTGGGTTGGCC GCCAC GTGGGTCCC GGGC AC GAGGAAGAAGC GGT 60840
AAAAGGAGGGTTTGCTGTGGTCC TTTGGGTCCGCC GGGCC GGC GTC GTCCAC C TC GGTGAGATGGAGGGC C GAGTTGGTGC TAAATACC ATGGCCCCCAC GAGTCC CGC GGC GCGCGCCA 60960
GGTACGCC CC GAC GGC GTTGGC GC GGGCC GC GGCC GTGTCC TGGCCC TC GAAC AGC GGCCAC GC GGAGATGTC GGTGGGC GGC TC GTC AAAGAC GGCC ATC GAC AC GATAGAC TC GAGGG 61080 Y
TGAAC GTAATGTC GGCGGGGAGGGC GGCGC CCTC GTGGTTTTC GTC AAAC GCC AGGTGGGC GGCC GC GC GGGCC AC GGC GTCC AC GTTTC GGC ATC GC AGTGCC AC GGC GGC GGGTCCC A 61320
AGCCCTCGGTAAC GAC CAGATAC AGGAGGGC GC GGTC C GGGTCC AGGCC GAGGC GC TC AC AC AGC GC CTCCCCC GTC GTC TC GTGTTTGAGGTC GCC GGGCC GGGGGGTGTAGTCC
GAAA 61680 G E T V V L Y L L A R D P 0 L G L R E C L A E G T T E H K L D G P R P T Y D S F 125
AGCCAAAATGGC GGC GTGC CC GC TC GC AAAGTC GC GTC AGGTTC GGGGCC TGGGTGC TGGGGTCC AGGTGCC GGC C GCC GTGAAAGAC GTAC AC GGAC GAGC TGTAGTGC GAGGGC GTC
GTTTC AGGGACACC GC GGTACCCCC GAGCCCC GTC GTGC GAGAACCC AC GACC AC GGCCAC GTTGGCCTC AAAGCC GC TC TC C AC GGTC AGGCCC AC GACC AGGGGC GCC AC GGC GAC GT 61920
CGGAATC GCC GC TGC GTGCC GAC AGTAAC GCC AGAAGC TC GATGC CTTC GGAC GGAC AC GC GC GAGC GTAC AC GTATCCCAGGGGCCC GGGGGGGAC C TTGATGGTGGTTGCC GTC TTGG 62040
GC TTTGTC TC CATGTCC TTTTGT~ AATC GGTC C GC GAAC GGAGGTAATCCC GGC AC GAC 8AC GGAC GCCC GAC AAGGTAT GTC TCC CGAGC GTCAAAATCC GGGGOGGGGC GGC GAC GGT 62160
CAAGGGGAGGGTTGGACACC GGGGTTGGGGAATGAATC CCTCCCCTTC ACC GAC AKCCC CCC GGGTAACC AC GGGGTC GCC GATGAACCCCGGC GGCC GGC AAC GC GGGGTCCCTGC GAG 62280 AGGCACAGATGCTTAC GGTC AGGTGC TCC GGGTC GGGTGC GTC TGGTATGCGGTTGGTATATGTAC AC TTTACC TGGGGGC GTGCC GGTCC GCCCC AGCCCC TCCC AC GCCCC GC GCGTC 62400
ATC AGCCGGTGGCCGTGCCC GCTATTATAAAAAAAGTGAGAAC GC GAAC GGTTC GC AC TTTGTCC TAATAATATATATATTATTAGGAC AAAGTGC GAAC GC TTC GC GTTC TC AC TTTTT 62520 < < < < < < < < < < < < < < < < < < < < < < < < < < < < OriL-associated palindrome > > > > > > > > > > > > > >
TTATAATAGC GGCC AC GCCC ACC GGCTAC GTC ACTC TCCTGTC GGCC GC C GGC OGTCC ATAAGCCC GGC C GGC C GGGCC GAC GC GAATAAACC GGGC C GCC GGCC GGGGC GCC GC GC AGC 62640 > > > > > > > > > >> > > > AGC TC GCC GCCC GGATCC GCCAGAC AAAC AAGGCCC TTGC AC ATGC C GGC CC GGGC GAGCC TGGGGGTCC GGTAATTT TGCCATCC C ACCC AAGC GGC TTTTTGGGTTTTTC TCTTCCCC 62760
UL30 M F S G G G G P L S P G G K S A A R A A S G F F A
CC TCCCC ACATTCCCCTC TTTAGGGGTTC GGGTGGGAAC AACC GC GATGTTTTC C GGTGGC GGC GGCCC GCTGTCCCCC GGAGGAAAGTC GGC GGCC AGGGC GGC GTC C GGGTTTTTTGC 62880
65 GCCC GCCGGCCCTC GC GGAGCC AGCC GGGGAC CCCC GCCTTGTTTGAGGC AAAAC TTTTAC AACCCCTACC TC GC CCC AGTC GGGAC 80 AAC AGAAGCCGACCGGGCC AACCC AGCGCCA 63000
GTACTGC GGGGGGGAC GAGC GC GAC GTCCTCC GC GTC GGGTC GGC~GGC TTCTGGCC GC GGC GC TC GC GCC TGTGGGGCGGCGTGGAC C AC GCCCCGGCGGGGTTC AACCCC ACCGTCAC 63240
V F H V Y D I L S N V E H A Y G M R A A 0 F S A R F M D A I T P T G T V 1 T L L 185 CGTCTTTC AC GTGTAC GACATCCTGGAGAACGTGGAGC AC GCGTAC GGC ATGC GC GC GGCCC AGTTCCAC GC GC GGTTTATGGACGCC ATCAC ACC GAC GGGGACC GTC ATC ACGCTCCT 63360 G L T P E G H R V A V H V Y G T R Q Y F Y M N K E E V D R H L Q C R A P R 0 L C 225 GGGCCTGACTCCGGAAGGCC ACC GGGTGGCC GTTC AC GTTTAC GGC ACCCGGCAGTAC TTTTACATGAAC AAGGAGGAGGTC GACAGGC ACC TAC AATGCCGCGCCCC AC GAGATC TC TG 63480 E R M A A A L R E 8 P G A S F R G I S A D H F E A E V V E R T D V Y Y Y E T R P 265 CGAC,
C GCATGGCC C4: GGCCC TV, C C;C GAGTCCCCGGGCGC GTC GTTC C GC GGC ATC TCC GC GGACC AC TTC GAGGC GGAGGTGGTGGAGC GC ACC GAC GTGTACTAC TAC GAGAC GC ~CC 63600
G 505 CAACATC ATC AACTTC GACTGGCCCTTC TTGC TGGCC AAOC TGAC GGAC ATTTAC AAGGTCCCCC TGGAC GGGTAC GGCC GCATGAAC GGCC GGGGCGTGTTTC GCGTGTGGGAC ATAGG 64320
CGGGC AAGGAC TACCTGGAGATC GAGGTGGGGGGC, C GAC GGC TGTTCTTC GTC AAGGC TC AC GTGCGAGAGAGCCTCCTC AGC ATCC TCC TGC GGGAC TGOC TCGCC ATGCG 65160
K Q I R S R I P Q S S P E E A V L L D K 0 Q A A I K V V C N S V Y G F T G V Q H 825 AA AC'C AGATCCC'C TC GC GGATTCCCC A GACC AOCCCC SAaGAGGCC GTGC TCC TGGAC AAGC AOC AGC4:C C, CC ATC AAGGTC GTGTGTAAC T~GG TGTAC GGGTTC ~ GGGAGT~ A~ A 6528~) G L L P C L H V A A T V T T I G R E M L L A T R E Y V H A R W A A F E Q L [, A D 865 CGGAC
TCC TGCCGTGCCTGCAC GTTGCC GC GAC GGTGACGACCATCGGCC GCGAGATGC TGC TC GC GACCC GC GAGTAC GTCC AC C, CGC ~ TGG~ G~C T~GAACAGC~C
TG~CGA 65400
GGCC GAC ATGC GC GCCCCCGGGCCC TATTCC ATGC GC ATC ATC TACGGGGAC ACGGACTCC ATC TTTGTGC TGTGCC GC GGCC TC AC GGCC GCC GGGC TG;&CG~CGT 65520
GAGGGACATCCAGGACTTTGTCCTCACCGCCGAACT0A0CAGACAC0cc,CGC0CGTACACCAACAAC~CC~CCTGC~CCCaCCTGACGGTGTATTACAAGCTCATsGCCCC~CCGCGCGCAGGT
GCGTTC'COCC GGACC AC GAGC ACAAAC GTGC TCTGCCAC AC GTGGGC GACGAACC GGTACCCC GGGC AC GCGGTGAOCATCC 0GTC TATGAGCC GGTAGTGC AGOTGGC'C OGACGTC'CCG 66720
OGA AAGATGAC GTAC AC, C AT GTG GC C C CC GTAAGTGO SGTCCGGGTAAAAC AAC AGCC GC G GGTC C~ AC OCCCC C~C TCC GC GC AC-GATC GT GTG GAC GA A AAAAAC'CTC GGOTTGOCC A 66840
TGGTCCAGACAGAAGGGC AGC GAGAC GGGAGTGGTC TTC ACC AGGGGC ACCGAGAGC GAGC GC AC GATGGC GATCTCC TCGGAGGGC GTCTGGGC GAGGGC GGC GAAAAGGCCCC GATAG 67200
CGC TGGC GCTCGTGTAAAC AC AC-C TCC TGTTTGCGGC, CGTGAGGCGGC AGGC TC TTCC GGGAGGCCC GAC GC ACC AC GCCc AGAGTCCC GCC GGCC GC AGAGGAGC GC GACC ~C G~ ~ 67520
TCCTTGCC GTGATAGGGCCCGGC, CC GGGAGCC GC GGC GATGGGGGTC GGTGTC ATACATAGGTAC AC AGGGTGTGCTCCAGGGAC AGGAGC GAGATCGAGTGGC GTCTAAGCAGC GC GCC 67440
COCCTCAC GGACAAATGTGGC GAGC GCGGTGGGCTTTGOTACAAATACC TGATAC GTCTTGAAGGTGTAGATGAGGGC AC C-C AACGC TATGC AGAC AC GCCCC TC GAAC TC GTTCCCGCA 67560
CTTAAAOATGGCC TC GGGCCCC GC GGCC CGAAGC AGOC TCAC AAACC GGCCCCC GTCCCCGOGCTOC GTCTC GGGGTC AGCC TC GAGCTOGTC GAC GAC GGGTAC GATACAGTC GAAGAG 67800
GC TC GTGTTGTTTTCC GAGTAGC GGACC AC GGAGGCCC GGAOTC TGC GCAGGGCC AGCC AGTAAGC AC GC ACC AGTAAC AGGTTAC AC AGCAGGCATTCTCCGCC GGTGCGCCCGCGCCC 67920
CC GGCCGTGTTTC ;~GCAC GGTGGCC ATCAGAGGGCCC AGGTC GAGGTC GGGCTGGGC ATC GGGTTC GGTAAAC TGC CC AAAGC GC GGAGCCAC GTC GC GC GTGC GT~CCC ~ GAT~
TTCCCAGGACTGC'C GGACCGTGGC GC GAC GGGCC TCC GC GGCAC-C C-C C.C AC-CTGGGGCCCC GAC TCCC AGAC GGC GGGGGTGCC GCC GAGGAGCAAC AGGAC C AGATCC C.C GTAC 8CCCA 68160
C GTATCC GC, CGACTCC TCC GGC TCGC GGTCCCC SGC GACC GTC TC GAATTCCCC GTTGC GAGC C,~C GGC GC GAGTAC AGC AGC TGTCCCC GCCCCC GC GC C GACCC TCC GTGC AGTCC AG 68280
GAGAC GGGC GC AATCC TTC C AGTTC ATCAGC GC GGTGGTGAGC GAC GGCTGC GTGCC GGATCCC GCC GCC GACCCC GCCCCC TCC TC C-C CCCC GGAGGCC AAGGTTCC GATGAGGGCCC G 68400
GGTGC'C AGAC TC'C GCC AGGAAC GAGTAGTTOGAGTAC TC-C ACC TTGGC GGC TCCC GGGGAGGGC GAGGGCTTGGGTTGC TTC TGSC-C ATGCC C-CCC GGGC 8C CCC GCC GTC GGTAC GGAA 68520
C.C AGCAGTGGAGAAAAAAGTGCC GGTGGATGTC GTTTATGGTGAGGGC AAAGCGTGC GAAGGAGCC GACC AGGGTC C.CC TTC TTGGTGC C-C AGAAAGTSGC GGTCC ATGAC GTAC AC AAA 68640
CTC GAAC GC GGCC AC GAAGATGCTAGC GGC GC AGTGGGGCGC CCCC AGGCATTTGGC AC AGAGAAAC GC GTAATC GGCC ACCCACTGAGC-C GAGAGGC GGTAGGTTTC, C TTGTACAGCTC 68760
GAT~GTC~CSC42 AS~CCAGAC ~GGGCC GGTCC AGC GC GAAGGTGTC GATGGCC GCC GC GGAAAAGGGC CC GGTGTCC A AAAGCCCC TCCCC AC AGGGATCC GGGGGC GGGTTGC GGGGTCC 68880
TCCC-C C-CCCGCCC GAACCCCC TCC GTC GCCC GCCCCCCC GC GGC-CCC TTGAGGGGGC GGTGACC AC GTC GGC GCC GAC GTCC TC GTC GAGC GT ACC GAC GGGC GGC AC ACC TATC AC GTG 69000
GC GGAC GC AGC GGCTGGCC TCCC TCC TGAC GTACGCC GGGCCTATAAAAGC GCCC GACGAC GCC GCC GCCCC GC AGAC CCC GGAC ACC GC GTGTGTGC AC GGC GAGC TGC T 69480
AC GC GGGC ACGC AC GCTCCC ATC GC GGGC GCC ATGGC GGGAC TGGGC AAGCCC TAC ACC GC.CC ACCC AGGTGAC GCC TTC GAGGGTC TC GTTC AGC GAATTC GGC TTATC GTCCC ATCTA 69720
TTATGAAC GAC TGGCCC GAGGTCC C GTGC AACC C TTAC CTGC C~ATACAGAAC AC C GGC GTGTC GGTGC TGTTTC AGGGGTTTTTTCATC GCCC AC ACAAC GCCCCC GGGGGC G 69960
A I T P E R T N V I L G 8 T E T T G L S L G D L D T I K G R L G L 0 A R P M M A 149 C
GATTAC GCCAGAC'C GGACC AATGTGATCC TGGGC TCCACC GAGAC GAC GGGGC TGTCCC q~C GGC GACC TGGACACC ATC AAGGGGC GGC TC GGCC TGGATGCCC GGCC GATGATGC.CCA 70080
189 C,C ATGTGGATC ACC TGC TTTGTC.C GC ATGCCCC GC GTGC AGCTC GC GTTTC GGTTC ATGGGCCC C GAAGATGCC GGAC GGACGAGAC GGATCC TGTGCC CK2 GCCGCC 0AGC AGGC TATTA 70200
CCCGTCC-CC GCC GAACCC GGC GGTCCC GGGAGGC GTAC GGGGCC GAGGCC GGGC TGGGGGTOGCC GGAAC GGGTTTCC GGGCC AGGGGGGAC GGTTTTGC.CCC GC TCCCC TTGTTAACCC 70320
TC CC GATGC'CC GTCCC C.C AATTTC ACCC.CCCC AGC ACC GTTACC AC C GATAGC GTCC GGC.C GC TTGC.C ATGC GC GGGCTC GTC TTGGCC ACC AATAAC TC TC AGTTTATC ATGGATAAC A 70680
ACC ACCC GC ACCCCC AGGGC ACCC AAGGGGCC GTGC GGGAGTTTCTCC GC GGTC AGGC GGC GGC GC TGAC GGACC TTGGTC TGC, CCC AC GC AAACAAC AC GTTTACCCC GC ACCC T ATGT 70800
F A G D A P A ;~ W L R P A F G L R R T Y S P F V V R E P S T P G T P - 112
TCGCGGGCGACGCCCCGGCCGCCTGGTTGCGCCCCGCGTTTGC.CCTGCGGCC~CACCTATTCACCGTTTGTCGTTCGAGAACCTTCGACGCCCGGGACCCCGTGAGGCCCGGGGAGTTCCT
70920
TC TGGGGTGTTTTAATCAATAAAAGACC ACACC AAC C.C AC GAGCC TTGC GTTTAATGTC GTGTTTATTCAAGGGAGTGGGATAGGGTTC GAC GGTTCGAAAC TTAAC AC AC CAAATAATC 71040
ATC AGTACC GCC AGGGC GCTSC GACC GGTGC GTTGC AC GTAC-C GTC GC GAC AGAACTGC GTTTGCC GATAC GGGC GGGGGC_CC GAATTGTAAGC GC GTC ACC TC TTGGGAGTC
... \/ GACC, C OCAAC-CC GGGAC GGATG00C GGTTTTGC GGTC, CCC GG;~ACC GAACC SCC GOATAC "eCCCC GSeTCC TAC ATC.CCC GTTTTOGGCC TeGGGTTCGCC.C TGGGG,rTGGG~TOG6GT 71640 TGGGC.CTGGGGC TGGGGCTGGGGC TGGGGC TGGGGC TGGGGC TGGGGTTGGGGC GC GGAC AGGC GGC TGAC GGTC AAATGCCCCC GGGGGC C.C C.C AGATGTGGTGGGC GTGGCC ACCGGC 71880
TGCC GTGTAGTGGGGC GGC GGGAAACC GGGCC TCC GGGC GC AAC ACC GCCCTC CAGC GTC ;~aGTATGTGGGGGGC GGCCC TGAC GTC GGGGC, C GGGGC GACGGGTTGGACC GC GGGaGGC 72000
GGGGGAGAGGGACC TGC GGGAGAGGATGAGGTC GGC TC GGCC GGGTTGC GGCC TAAAAC AGGGGCC GTGGGGTC GGC GGGGTCC C AGGGTGAAGGGAGGGATTCCC GC GATTC GGAC AGC 72120
GAC C-C GAC AGC GGGGC GC GTAAGGC GCC CC TGC GGCCC GCC TAC GGGAACCC TGGGGGGGOTTGGC GC GGGAC CC GAGGTTAGC 0GGGGGC GGC GGTTTTC GCCCCC GGGC AAAACCGTG 72240
GGTTTGGGAGGGGCC GGGGGC.C GC GCGAAATC GGTAACC GGGGC GACC GTGTC GGGGAGGC.C AGGC GGC C GCC AACC CTGGGTGGTC GC GGAAGCC TGGOTGC_C GC GC C_CC AGGGACC GT 72480
GCCC GGC GGTGTCGGC GC GC GC GC GACCC GGAC GAAGAAGC GGC AGAAGC GC GGGAGGAGGC GGGGGGGC GGGGGC.C GGTGGC ATC GGGGGGC GC C GGGGAACTTTGGGGGGAC GGC AAG 72600
GGGACGGACTGATCGGCGGTGOGC GAAAGGGGGTCCGGGGC AAGGAGGGGC GC GGGGCC GCC GGAGTC GTC AGACGCGAGCTCC TCC AGGCC GTGAATCCATGCCCACATGC GAGGGGGG 72840
AC GGC~ TC C~C GGGGGTGGCGTC~GTGAATAC-C ST GGGGC~CC ;~GGC TTCC 00 C~CCCA AC GAGCCC TCC GC CCC A AC AAGGTCC ~C ;~CSGGG&~C 00G~GGGAC C GAGGG~ TC 72960
TGGTC GTCGGGGGCGCGC TGGTAC ACC GGATGCCCC GGGAATAGC TCCCCCGACAGGAGGGAGGC GTC GAAC GCCCC, CCCGAGGATAGC TC GCGC GAGGAAGGGGTCCTCGTCGGTGGC G 73080
CTGGCGGCGAGGAC GTCCTC GCC CCCCGCC Af2 AAACGGGAGCTCCTCGGTGGCCTC 00 TGCCAACAAACCGC AC GTC GGGGGGGCC GGGGGGGTCC GGGTTTTCCC AC AAC ACC GC GACC 73200
GGGGTCATGGAGATGTCC ACGAGCACCAGAC AC GGC GGGCCCC GGGC GAGGGC~CC, CTCGGC GATGAGC GC GGAC AGGC GCGGGAGC TGTGCC C~CCAGAC ACGCGTTTTCGATCGGGTTC 73320
AGGTCGGC GTGC AGGAGGC GGAC GGCCC AC GTCTC GATGTC GGACGAC ACGGC ATC C~ GC AAGGC GGCGTCCGGCCC GCGAGC GC GTGAGTC AAAC kGC
GC GGCC GGCACGGCGAC GTC, C TGGCCC GTGGGCC GGTAGAGGGC GTTGGGGGGAGC GGGGGGTGAC C-CC TC GC GCCCCCCC GAGGGGC TCAGCGTC TC-CCCAGATTCC AGAC GC ~ GG~ 73680
TGAAACGCAC GGGGGAGGGTGAGATC-C ATGTACTCGTGTTGGC GAACCAGATCC AGGC GCC AAAAGGTGTAAATGTGTTCC GGGGAGCflPGGCC ACC AGC GCC ACCAGC AC GTCGTTC TC G 74160
GC GAC GAGGGCGAC GTAGAGCTC GGCCGCC GC ATCC ATC GAGGCCCCCC ATC TC GCC TGGC GGTGGC GC AC AKAGCGTCCG~;~&~TG~AAGTTG~ G~C TGG~ GTC ~TGAGG~C 74400
CCGAGC TTGTCGGTC ACGGCCGGGAAGC AGAGC GCGTAC TGCAGTGGC GTTCC ATCC GGGACC AAAAAC.C TGGGGGC GAAC GGCC GATCC AGCGTACTGGTGC.CC TC GC C-C AGC ACCAGG 74640
GGCCCC GGGCC TCC C~ TC AC TC GC AGGT AC CK2 C TC GCCC C GC=C GGC GC ACCATC T C,C GGGTC GGCC TC TTGGCC GGGTGGGGC GGAC GCCCGGC-C CC GGGC GTC TAGG~
G~GKTCC 74760 P G P G G S V R L Y A E G R R R L M Q P D A E Q G P P A S A R A R A D L A R L D 1929
AC GAGCAGGGCCGCGGGCGC GCCCGCC GC GCCC GCGCCCGTC TGGCC TGTGGCC TTGGC GTAC GCGCTATATAAGCCC ATGC GGC GTTGGATGAGC TCCC GC ~CCC
GG~C TCC TCC 74880 V L L P A P A A A A G A G T Q G T A K A Y A S Y L G M R R Q I L E R A G R F E E 1889
A~CGC~C~TGGGGCCAGGTCCCCGGCCACCGCGTCG~%~TCCC.CCAACAGGCCC~CCAGGG~GTCAAAGTTCATCTCCCAGGcCACCC~TG~ACCACCTCGTCCC~A~CGG~T~
75000 %2 A W P A L D G A V A D F E A L L G G L T D F N M E W A V R P V V E D R L R A S
AGGTC GGC GTGTTGGGCC ACGC GCCCCCC GAGC TCC TCC AC GGCCCC GGCCCGC TC GGC GC TC TTGGC GCCCAGGACGCCCTGGTAC TTGC-C GGGAAGGCGC TCGTAGTCCCGC TGG~T
CC, C AGCCCCGAC ACAGTGTTGGTGGTGTCC TGC AGGC-C GC GAAGCTGCTC C.C ATGCC GC GC GAAATCCCTC GGC, C GATTTCC AGC-CCCCCCC GCGAAC GC GC.CC GAAC.C GACCCC ATACC 75240
TC GTCCCACTCCGCCTCGGCCTCCTC GAGAGACCTCC GCAGGGCC TC GAC GC GGCGACGGGTGTC GAAGAGC GCCTC, CAGCCGC C-C GCCC TGTC~ GTCAGGAG~CC GG~C G~ ~C G 75360
CTGGCC GC GCTTAC-C GGGTGCGTC TCAAAGGTAC GC TGGGC ATGTTCC AACCAGGC GACC GCC TGC ACGTCGAGC TC C.C GC GCC TTC TCC GTC TGGTCC ACC AGAATTTCGACC TGATCC 75480
GCGATCTCC TCC GCC GAGCC42 GCC TGGTCC AGC GTC TTGGCC ACGGTCGCC GGGAC GGCGACCACC TTC AGC AGGGTC TTC AGATTGGCC AGACCCTCGGCCTCGAGCTGGGCCC G~ ~ 75600
TC C-C GC GC GC.CCAGC ACC TCCC GCAGCCCC GCC GTGACCC C~TC GGTGGC TTC GGCGC C.CTGC TGTTTGGC GCGC ACCACGGC GTCC TTGOTATC G~C AGGTCC TG~GGG~ AC GAAT 75720
TC GC GGATATCCACGTACTC GGC GTAGCCC TTTTGAA~C GGC AC GTAC TGGCC~AGGGCC GGC AC GCCCCCC AAGTCTTCC GAC AGGTGTAGGAC GGCC TC GTGGTAGTC GATAAAC 76080
CC GTCGTTCC, CCTGGGCCC GC TCC AGCAGCCCCCCC GCC AGCC GC AGAAGCC GC GCC AGGGGC TC GGTGTCCACCC GAAAC ATGTCGGC GTAC GTGTCGGCC GCGGCCCCGAAGGCC GCG 76200
CTCC AGTCGATGCGGTGAATGC, CTGCGAGC GGGGGGAGC ATGGGGTGGC GC TGGTTC TC GGGGGTGTATGGGTTAAAC GC AAGGGCC GTCTCCAGGGC AAGGGTC ACC GCCTTGCK2GTTG 76320
GTTCCC AGC GCC TGTTCGGCCC GCTTTC GGAAGTCCC GGGGGTTGTAC-CC GTGC GTGCCC GCCAGC GCC TGC AGCC GAC GGAGC TC GACCACGTC AAAC TC GGC ACC GC TT~C AC~GG 76440
GC GCCGATGACCTTTCCC AC-C TCC TGCAGGGC GC GCCC GC TGGGGGAGTGGTCCCC GGCC GTCCC TTCGGC GTC~C AAC AGGCCCCCGAACC TGCCC TCGTGGCCC GC GAGGC TT~CC ~ 76680
GC CS2C GGT G GTCGC C-C GC GTC C,C GGC C T GGATC AGGG AGGC ATGC TC TCCC TCC GGT TGGT TGGC GC, CCC GGC GC ACC TGGACGAC A AGGTC GGCCrGC AC430 GACCC T A AGGTC GTGA~ 76800
TGGGCGATGC, CC ACCC GCGC GTCC AGGGCC AACCGAGTC GCCTTGAC GTATCCC GC GGC GCTGTC GGCC ATGGCCCC TAGGAAGGCC AGGGGGGAGGCC GGGTC GC TGGC GGCCGCOCCC 76920
AGGC-CCGTC ACC GC GTC GACC AGGAC C~ GGTGC C4200 GC AC G GCC GC ATC C ACC GTC G AC GC AGGGTC TC.CC GTTGC G AC G GC G GC C.C T GC C GGC GTTGATGGC GTTC GAGACG~ GT GG 77040
GCTATGATC GGGGCGTGATCGGC GAAGAAC TC.C AAGAGAAAC GGAGTCTC TGGGGC GTCGGC GAACAGGTTC TTC AGC ACC ACC AC GAAGC TGGGATGC AAGCC AGACAGAGCC GTCGCC 77160
GTGTCCGGAGTC 00GTGCTCC AGGGC ATCTC GGTACTGCCCC AGCAGCCCCC AC ATGTCC GCCC C.C AC~ C, CCC~CGT;~CCTC ~S&GGC, CGCCCCCCGAAC GC.CC TCGGGGAGGTCCGAC 77280
CAGCCC GCC GGCAGGGAGGCCC GC AGGGTC GCC AGGAC GGCC GGAC AGGCCTTTACCCCC AC AAAGTC AGGGAGGGGC.C GC AGGACCCCCTGGAGTTTGTGC AAGAAC TTC TCCC GGGC G 77400
TC C-C GGGCC ACCTTC GCCC GC TCCC GC GC TCCCTC GAGC ATTGCC TCCAGGGAGCC~C GCGCGCTCCC C, CAAAC GGGC AC GC GC ATC GGGGGC GAGC ~ T~C G~ A~TTG~ G~ A~C 77520
ATGGCCC GCC~CC TGCC GC AGC GC TTCC TC GGCC ATGC GC GTGCCC TC TGGCGAC AGCCC GCC GTC GTC GGGGTAGGGC GAC GC GCC GGGC~AGGAAC AAAG~C ~ GTC ~ TGTCCA~ 77640
CTC~TCGCGATCGGGGGC GGGGC GGGAATGGC GGCGC GC TGC CCGATGTCCC GC GTGTGCTGGTC GAAGAC AGGC AGGGAC TC GAGCAGCTGGACC AC GGGCACGAC G~G~C GAA~C 78000
AC GTGAAACC GGCGGTCGTTGTTGTC GC TGGCC TGTAGAGCC TTGGC GC TGTATACGGCCCCCC GGTAAAAGTAC TCC TTAACC C.C GCCC TC GATC GCCCGACGGGCCTGGGTCC GCACC 78120
TCCTCCAC~C GAACCTGAAC GGCC TC GGGGCCC AGGGGGGGTGGC-C GC GGAGCCCCCTC42 GGGGCC GCCCC GGCC GGGGC GS0C ATTAC GCCGAGGGGCCC GC.C GTC-C TGTGAGACCGC G 78240
GGGTGCGTCGGGGTGGC GGGGGCAAAAAGGGTGTCC GGGTGGCCC TGCGAGC GCTCC AGAAGCC AC TC GCCGAGGCGTGTATAC AGATTGGCCGGC GGGGCC GC ~ GAA~ T~A~ TCC 78480
C~C ACCCC GGCC TGGGTGTGCGTCC GGGCCCCG T TC TC GATGAGAAAGC-C GAGG AC GC GTTC AA AGAAAAAAATAAC AC AGAGC TCC AGC AC-CCCC GO AGAGC~C GGATAC G~ GACC GT 78840
TCTGCGCCCGGGGGCTCGGGC GAGC GGC GAGTCTTCAGC GCC TC SAGGGCCTGTGAGGAC GCC SGAACC GTGGGCCCGTC GTCCTCC4ZCCC~CTCGC~CGACCGCTCGGCCC G~C GGG~ S 79080
GGGGGTGCCGAGGCGAGGAcAGGCTCCGGAACGGAGGCGGGGAC~GCGGCCCCGACGGGGGTTTTC~CCTTTGGGGGTGGATTTCTTCTTGGTTTTGGCAGGGGGGGCCGAGCGTTTCGTT
GGATCCGTGGGTGGGGTACCC TTC AGGGCC ACCGCCCATAC ATC GTC GGGCGCCC GATTC GGGC GC TTGGCCTC TGGTTTTC~C GAC GGAC CGGCC GTCCCCC GGGATGTCTC GGAGC.CC 79560
GC GGGTTCCGGGCCC GAC GGC AC GAAAAACACC ATGGC TCCC GCCC ACCGTAC GTCC GGGC GATC GC GGGTGTAATAC GTC AGGTATGGATAC ATGTCCCCC GCCCGCAC TTTGGCGAT~ 79920
AAC GC GGGGGTGCCC TCCGGAAGGCCGTGC GGGTCAAAAAGGTATGC GGTGTC GCC GTCCC TGAACAGCCCC ATCCC TAGGGGGCCAATGGTTAGGAGCGTGTAC GAC AGGGGGC GCAGG 80040
C, CCCAC GGC~C OC-CGAAGAAC 0TGTGTC~ GGGGC ATTGTGTCTCCAC, CAGGCCCGCC OCGGGCTCCCC GAAGAAGCCC ACC TC GCC GTATACGCC-C GAGAAGACACAGCC, C AGTCC C, CCG 80160
CGCGCCCCTGGGTAC TC GAGGAAGTTGGGGAGCTC GAC 0ATCGAAC AC ATGCGCGGCGGCCC AGGGCCC GCGGTC GC GC C~ GTCC AC TCGCCCCCC TC GACC AAACATCCC TCGAT~C 80280
TCC GCGGAC AGGAC GTCGCGAGGGCCC ACATC AAATATGAGGCTGAGAAAGGAC AGC GAC GAGCGC ATGCAC GATACC GACCCCCCCGGCTCC AGGTCGGGC GCGAACTGGTTCC GAGCA 80400
49
CC GGTGACC AC GATGTCGC GATCCCCCCC GC GTTCCATCGTGGAGTGC GGTGGGGTC, CCCC, CGATCATATGTGCCC TGCTGGCCAGAGACCC GGCCTGTTTATGGACC GGACCCCCGGGG 80520
TTAGTGTTGTTTCC GCC ACCC ATC-CCCCC GTACCATGC-CCCC GGTTCCCC TGA TTAGC, C TAC GAGTC GC GGTGATC GCTTCCC AAAAACC OAC-C TC-C GTT TGTC TGTC TTGGTCTTCC AC 80840
CCCtCCCCCCGCCCGCCC GC AC ACC ATAAC ACC GAGAACAAC AC AC GGGGGTGGGC GTAAC ATAATAAAGCTTTATTGGTAAC TAGTTAACGGC AAGTCCGTGGOTGGCGC GAC GGTGTC 80760
1109
CTCC GGGATC ATC TCGTCGTCCTCGACGGGGGTGTTGGAATGAGGCGCCCCC TC GC GGTCCGCC TGGC GTGGGCC GTGCCC ;~TAGC, CC TCC GGC TTCTGTGCGTCC ATGGGCATAGGC C~C 80880
GGGGAGAC TGTTTCCGGCGTCGC GGACCTCC AGGTCCCTGGGAGACTCC GGTCCGGCTAAC 0GAC GAAAC GC GGAAGCC, C CAAAC AC GCC GTCGGTGACCC GC AGGAGC TC GTTCATCAG 81000
CC GGACC AC GGCC AGCAC GTTGTCC TC GTGC GAC ACC TGGC~C GCC AGCTCGTC GC AC ACCCCC AGGTGC GCC GTGGTTTC GGTGATGAC GGAACGCAGC, CTCGCGAGGGAC GC GACC AG 81600
CGCC-C GC TTGGCGTC GTGATAC ATGCTGCAGTAC TGAC TC ACCGC GTCCCCC ATGGCC TC GGGGGGCC AGGGCCCC AGGCGGTCGGGC GTGTCCCC GACC ACC GC ATAC AGCCG~ ~CC 81720
GTC C-C TC TC GAACC GAC AC TC GAAA~GGC GGAGAGCGTGCGC aTGTGC AGCC GC AGCAGC AC GATGGC GTCC TCC AGTTGGC GAATCAGGGGGTC TGC GC GC TC GGC GAGG~CT~AG 81840
CACCCCCCGGC-CGC-CC AGGC-CGTAC ATGC TAATCAACAGGASGCTGGTGCCC ACCTCGGSSGGC GGGGGGGGCTGC AC, C TGGACC AGGGGCC GC AC-C TGC TC GAC GGC ACCCCTGGAGAT 81960
CTC AACC GTGGGGAGATAGCCC AGCCC AAAGTCCC GGGCCCAGGCCAAC AC AC GC AGGGCGAACTC GACC GGGC GGGGAAGGTAGGCC GC GC TACAC 0TGC~CCC TC AGC GC GTCCCCGAC 82200
GGC-C TGCCC G ACG G GGAGA ACC C-C GGAC AGC GGC GTGCCC GGGGTGGTG G GG GTGATGTCCC AGTGGGTC TGACC ATAC AC GTC GATCC A GATG AC-C C~20 GTC TC GC G GAGA AGGC TGOG 82440
TTGACCGGAAC TAAAGCGGCGCTCGCTCC GTC TC AAAC TCCCCCACGAGC GCCC GCC GC AGGC TCGCC AGATGTTCC GTC GCC ACGGCC GGACCC ATGATACGC GCCAGC GTC TGC-C TTAG 82560
AAACACGTTCGACCCCGCGAGG~CAATGC~CCCaAAGAGCTGCTGGACTTCC.CCGAGTC~GTGGCCGGTGGGCGTCCC`CGCGGGGACGCCCGCCGCC~GAA~CCCC~CAGG~GAAAG 82800
C TGGGCGCC GC, CGGAGGGC TGC TCCCC GAGC TGC AGC AGC, C TGGAGAC GGC AGC-C TGGAAGAC TGCC AGTGCC GACGAAC TC AGGAAC GC, CAC GTCGGGATC AAACAC GC-CC AC GTCCGT 83040
CCGCAC GCC~CC~CC ATTAGC GTCCCC GGGGGC GC ACAGGCCGAGCGC GGGCTGAC GC GGC TGAGGGCC GTC GACAC C-C C.C ACC TCC TC GC GGC TGCGAACC ATC TTGTTGGCC TCGAGCGG 83160
CGGAATC ATTATGGCCGGGTCGATCTCCC GC AC GGTGTGCTGAAACTGCGCC AAC AGGGGC GGC GGGACC AC AGCCCCCCGC TC GGGGGTCGTC AGGTAC TC GTCC ACC AGGGCCAACGT 83280
AAAGAGGC~CCGTGTGAGGGGAGTGAGGGTC GC GTC GTC TATGCGC TGGAGGTGC GCC GAGAAC AGC GTC ACCC GATTAC TCACC AGGGCCAAGAACC GGAGGCCC TC TTGC AC GAAC GG 83400
GGCGGGGAAGAC-C AGC'CTGTACGCC GGGGTGGTAAGGTTC GC GC TGGG~TC-CCCC AAC GGGACC GGC GCC ATC TTGAGC GAC GTC TCCCC AAGGGCC TC GATGGAGGTCC GC GGGC TC AT 83520
GGCC AAGC AGC TC TTGGTGAC GGTT T GCC RGCGGTC TATCC AC TCC AC GC~C C~ AC TGGC GG AC GC GGACC GGC CCC AGGGCC C'CC C'C GGTGC C~C AGGCC G~ GGAA~C A~ ATGGGA 83640
AAAC GCCC-CC ATGGC GGC GC GC AGC TTGGCC GTGGCC AGAAAC GCC GGGTC GTCC GCCCC GTTTGCC GTC TC GGCCGTGGGGGTTGGC GGTTGGC GAAGGCCGGC TAG~ ~ ~C~TAG 84000
GCC.C TC.C ATAGGTCCGTCC GAGGGC GGACC GGC GGGTGAGGTC GTGAC GAC GGGGGCC TC GGAC GGGAGACC GCGGTCTC'CC ATGAC GCCCGGCTCGC GTGGGTGGGGGAC AGCGTAGAC 84120
CAAC GAC GAGACCGGGC GGGAATGAC TGTC GTGC GC TGTAGGGAGC GGCGAATTATC GATCCCCC GCGGCCC TCC AGGACCCCC GC AGGC GTTGC GAGTACCCC GC GTCTTC C~C GGGGTG 84240
TTATAC GGCC AC TTAAGTCCCGGCATCCCGTTC C-C GGACCC AGGCCCGGGGGATTGTCC GGATGTGCGGGCAC-CCC GGAC GGC GTGGGTTGC GGAC TTTC TGC GGGGCGGCCC AAATGC'C 84360 CCTTTAAACGTGTGTATACGGACC-CGCCGGGCC AGTCGGCCAACACAACCC ACCGGAGGCGGTAGCCGC GTTTGGCTGTGGGGTGGGTGGTTCC GCC TTGCGTGAGTGTC8 TTTCGACCC 84480
ATCATCTAACCCGCC AAGTGATCC TGAC GGATC TGTGCC AACCC AAC GC GGATC GTGC TGGGACGCTC'C TTC TGGC GC TGC GGC ACCCC GCC GACCTGCCTC ACCTGGCCC 84960
T 263 ATC GT T T T TCC GAGTGTC TC~CC-CC-CC ATGGTTC AC AC GC AC STCTTCCCCC AC GAGGTC AT GC OGTTTTTC GGGGGGC TG GTGTCGTGGGTC ACC 8 AGGAC GAGC TAGC GAGC GTC ACCG 85320 GGTTTCCTTTC, C C42 TCCC GCC TTCCGGACC TGC TCTCGCC T;&CTC TTC TTTGGC TCTC GGTGCGATTC GTC AGC, C AGC GGCC TTGTC GAATC TC GACCCCACC AC TC GCC GGACCC GCCG 86400
GTTC GTC TC GGAC GACC GGTCGTCC GATTCC GAC TCGGATG~CTC GGAGGAC AC GGAC TCGGAGAC GCTGTC AC AC C-CCTCC TC GGACGTGTCC GGC GGGGCC AC GTAC GAC 8AC C~CC T 87120
CGGTGGTCCCTC AC, CGGTAGACCC AC AC GC GCC GAC GCC AGAGC-CC GGC GC TGGTC TTGCGGCCGATCCC C.CC GTGGCCC GGGAC GAC GC GGAGGGGC TTTC GGACCCCC GGCC AC GTCT 87360
CC GGTGC GCCC GCGAGGAAACC AAGC GTGTCCCCCCC AGGAC aTTC GGC AGCCCCCC TCGCC TC AC GGAGGAC GAC TTTGGGCTTC TC AAC TAC GC GC TC GTGGAGATGC ACC GCC TGTG 87600 A  466  CC TG GGGGTTC TGGTC-C ACC TGC GGATC C GGACC C GGGAGGCC TCC TTTGAGGAGTGGC TGC GATCC A AGGAAGTGGCCC TGGAT TTTG GCC TGAC GGAAAGGC TTC AOC TGGTGATCC TGOCCC AGGC TC TGGACC ATTAC GAC TGTC TGATCC ACAGCAC ACC OC AC AC CC TGGTC GAGCGGGGGCTC, C AATC W  546  GC GTTTTGGC GGGC AC TAC ATGGAGTCC GTCTTCC AGATGTACACCC GCATCCCC GGC TTTTTGGCC TGCC GGGCC AC GC GC GC-C ATC-CGCCAC ATC GCCC TGGGGCGAGAGGGG~GTG 88080
CGAGAAGAAC GTCACATGGACCCTGTTC GACC GGGAC ACCAGCATGTC GCTCGCC GAC TTTC AC GGGGAGGAGTTC GAGAACC TC TACC AGC ACC TC GAGGTC ATGGGGTTCGC, C GAGC A 88680
CACC AACCTGTTC AGCAAGGTGACCC GGGAC GOC GAGAC GC TGCGCCCC AAC AC GC TCC TGC TAAAGGAAC TGGAACGC ACGTTTAGC GGGAAGC OCC TCC TGGAGGTGATGGAC AGTCT 89520
[, 1106 CCC'CGCCCCCTACGTCGACCATAGCC AATCCATGACCC TGTATGTC ACGGAGAAGGC GGACGGGACCC TCCCAC-CCTCCACCCTGGTCC C-CCTTCTGGTCC AC GC ATATAAC'CC-C GGACT 89760
AAAAAC AGGGATGTAC TAC TGC AAGGTTCGC AAGCCGACCAAC AGCGGGGTC TTTGGC GGCGAC GAC AAC ATTGTC TGC ATGAGC TGCGC GCTGTGACCGACAAACCCCCTCC OC GCC AG 89880
A 25 GCCCC, CCGCC AC TGTC GTC GCC GTCCC ACGC TC TCCCCTGCTGCC ATGGATTCC GCGGCCCC AGCCC TC TCCCCC GC TCTGACGGCCC TTAC GGACC AGAGC GC GAC GGCGGACC TGGC G 90000
ATCTTTTTTGCC GCCTCGTTTGCCGCC ATCGCCTACCTTC C~ ACC AACAACCTTC TGC GGGTC ACC TGCC AGTC AAAC GACC TC ATC AC, CC GGGAC GAGGCC GT~ AC &C G 90600
CCCCCCGACGCCAGCTTTCCC-CTGAGCCTCATGTCCACCGACAAACACACCAaTTTTTTCGAGTGTCGCAC`CACCTCCTACCCCGGGGCGGTCGTCAACGATCTGTGAGTG~
90960
C~C TTCTACCC GTGTTTGCCC ATAA~AAACCTC TGAACC AAACTTTGGGTCTC ATTGTGATTCTTGTC AGGGAC GC GGGGGTGGGAGAGGATAAAAGGC GGCGC~ AGTAACC AGG 91080 TCC 0TCC AGATTC TGCGGC, CATAGGATACC ATAATTTTATTGGTGGGTC GTTTGTTCGGGGAC AAGC GC OC TC GTC TGACGTTTGGGC TAC TC GTCCC AGAATTTGGCC AGGAC GTCC TT 91200
GTAGAACGC GGGTGGGGGGGCC TGGGTCCGC AACTGCTCC AGAAACC TGTC GGC GATATC AGGGGCC GTGATATGCC GGGTC AC GATAGATCGCGCC AGGTTTTC GTC GC GGATGTCC TG 91320
CTCC GAGGAGGAC GACCTGGGGCC GGGGTGGCCCCCGGTAACGTCCCGGGGATCC AGGGGGAGGTCC TC GTC GTC TTC GTATCC GCCGGC GATCTGTTGGGTTAGAATTTC GGTCC AC GA 91680
GACGCGCGTCTCGGTC~CC GCCGGCGGCCO~C GC~C AGAGGGGGCCTGOTTTCC GTGGAGCGC GAC, C TGGTGTGTTCCCGC, C GGATGGCCC GCCGGOTC TGAGAC, COAC ~GGGGOGG~C A 91800
GTGACATTCC, COC AGC AC ATCCTCCACGGAGGC GTAGGTGTTATTGGGATGGAGGTCGGTGTGGC AC.C GGAC AAAGAGGGCCA00AAC TGGGGGTAC, C TC ATC TTAAAGTACTTTAGTAT 91920
TGGAGAGC-C OTCC AC GTC AC TGGCCTCC TC GTCC GTCC GGC AC TGGGCC GTC GTGCGGGCC AGGATGGCC TTGGCTCCAAAC AC AACC GGCTCC ATAC AATTGACCCC GCGATC GSTAAC 92400
GAAGATGGGGAAAAOGGAC TTTTOOGTAAACACC TTTAATAAGCGAC AGAGC-C AGTGTAGC GTAATGC, CC TC GCGGTC GTAACTGGGGTATCGC.C OC TGATATTTGACC ACCAAC GTGTK 92520
C ATGACGTTCC AC AGGTCC AC GGC AATGGGGGTGAAGTACCC GGCC GGGC~C CC AAGGCCCC GGC GCTTGACC AGATGGTGTGTGTGGGC AAAC TTC ATC ATCCC GAAC AAACCC ATGTC 92640 T gAC TAAGC4: ~TGGTTGGTGC GAC GGTC C GGGAC ACCC GAGCC TGTCTC TC TGTGTATGGTGACCC AGAC AACAAC ACC GAC ACAAGAGGAC AA 92760   TAATCC GTTAGGGGAC GC TCTTTATAATTTC GATGGCCC AAC TCC ACGC GGATTGGTGC AGC ACCC TGCATOC C, CCGGTGC GGGCC aaCC TTCCCCCCGCTCATTGCCTC TTCCAAAAGG 92880   GTGTGGCC TAAC GAGC TGGGGOC GTATTTAATC AGGC TAGCGCGGC GGGCC TGCC GTAGTTTC TGGC TC GGTGAGC GAC GGTCC GGTTGC TTGGGTCCCC TGGC TGCC ATC AAAACCCCA 93000   UL42  M  T  D  3  CCC TC GCAGCGGC ATAC GCCCCC TCC 0C GTCCC C~C ACCC GAGACCCC GGCCC GGC TGCCC TC ACC ACC GAAGCCC ACC TC GTC AC TGTGGGGTGTTCCCAGCCC OC GTTGGGATGACGGA 93120
C-CTC42 C~C AC GAGCC TTC TGGAC TC C42 Tq~ TGGTTATGGOCGACC GGGC4: A~C TTATCC ~TAAC AC GATC TTTGGGGAGC AGGTGTTCC TC~CCCCTGGAAC A 93360
GC TCGGGGTTAAC GGC AAA PTTTCC GTGTTC ACC AC GAGTACC TGC GTC ACC TTTGC TGCCC GC GAGGAGGGC GTGTC GTCC AGCACC AGC ACCC AGGTCC AGATCC TGTCC AAC GC GC T 93840
TCCC GCC GCTCCAGAC C-CCC GGAGC GGAAGCCGTTAC GC GTGTTAC TTTC GC GACC TCCC GACC GGAGAAGC AAGCCCC GGCC, CC TTC TCC GCC TTCC GGGGGGC~CCCCC AAACCCC GTA 94560
TCC GC AAC GAC AGCC AC C GGGCC G TGTCC CC GG AGGAC GC-C C AG GGAC GGGTC GAC GAC GGAC GGCC AC ACC TC GC GTC4: GTGGGGC-CCC TGGC OC GGGG GTTC ATGC ATATC T GGC T 94920
GACCCCCCAAC GATCCC AC GGGCC GCC GGCC GATGAGGTC GC ACC GGCC AGGGTC GC GC GGCCC GAAAAC GTCTGGGTGCCC GTGGTC ACC TTTC TGGGGGC GGGC GC GC TTGCC 0TC AA 95640
....... 434 GSGGGTGC TGCTGTC, CCC TCCGGGGTCAAC GGOC GGGC GGTC GGC, C GATTGATATATTTTTC AATAAAAGGC ATTAGTCCCGAAGACC OCCGGTGTGTGATGATTTC GCC ATAAC ACCC A 96120 AACCCCGGATGGGGCCC GGGTATA~TTCC GGAAGGOGAC AC GGGC TACCC TC AC TATC GAGGCC GCTTGGTC GGGAG GCC GC ATC GAAC GC AC ACCCCC ATCCGGeGGTCCGTGTGGAG 96240
57 GC TC GGGGCGGGGGTGTCC GGGGGC TC GGAAAC TGCC TCC ACC GGGCCC AC GATC ACC GC GGGAGC GGTGAC GAACGC GAGCGAGGCCCCC ACATC GGGGTCCCCCGGGTC AGCC C~C A8 96480
CCC GGAGGTC ACCCCCACATCGACCCCAAACCCC AAC AATGTC KC AC AAAAC AAAACC ACCCCC ACC GAGCC GGCC AC, CCCCCC AAC AACCCCC AAGCCCACC TCC AC GCCC AAAAGCCC 96600
CGGCC AGGTCCCCCC GC GGACC TTC ACC TGCC AGATGAO GTGGC ATC GC GAC TCC GTGAC GTTC TCGCQAC C,C AATGCC ACC GGGC TGGCCC TGGTCCTGCC GCGC-CC AACC ATC ACC AT 97440
417 GGAATTTGGGGTCCC~C ATTGTGGTC TGC AC GGCCGGC TC, C GTCCCC GAGGC-CGTGAC GTTTCCC TGGTTCCTGGGGGAC GACCOC TC ACC GGC GGCTAAGTC GOCC GTTAC GGCCC AGGA 97560 T  A  I V  497  CGGCAGTC ACC AGCCCCCACCC AGGGACCCC ACC GAGCGGC AGGTGATC GAGGC GATCGAGTGGGTGGGGATTGGAATC GGGGTTC TC GC GGCGGGOGTCC TGGTC GTAAC GGC AATC GT  97800   Y  V  V  •  T  S  Q  8  R  Q  R  H  R  R  -511  GTAC GTC GTCC GC ACATC AC AGTC C;CGC.C AC, C GTC ATC GGC GGTAACGC AAGACCCCCCC GTTACCTTTTTAATATCTATATAGTTTGGTCCCCCCTC  TATCCCGCCC ACCGCTGGC, CGC  97920   0L45  M  P  L  3  TATAAAGCC GCC ACCC TC TC TTCCC TC AGGTC ATCC TTGGTC GATCCC GAAC GAC AC AC GGC GTGGAGC AAAACGCC TCCCCCTGAGCC GC TTTCCTACCAACAC AAC GGC ATGC C TCT8  98040   R  A  S  E  H  A  Y  R  F  L  G  P  G  T  P  P M  R  A  R  L  P  A  A  A  W  V  G  V  G  T  I  I  G  G  V  V  I  I  A   43  C GGGC ATCGGAAC AC GCC TACC GGCCCC TGGGCCCC GGGACACCCCCC ATGC GGGC TC GGC TCCCC C-CC GC GGCC TGGGTTGGC OTC GGGACCATC 
GTC GGC GGC TGTAGCGCCCCGGC GACCC TGATCCCCC GC C,C GGC TC, CC AAAC AGC TGGCC C, CC GTC GC AC GCGTCC AGTC GGCAAGATCC TC GGGC TACTGGTGGGTGAGC GGAGAC GGC 98400 GC GTGGTC TAC~C GACGGC AGC AC GGC-C GGAGGC GTTC ACC GGC TCC GGC GTCCTTC GC GTTTAAGC TTGGTC AGGAGGGC GCTC AGGGCGGC GAC GTTGGTC GGGCC GTC GTTGGTC AGG 98880
TC AATGTACGGGGAGC-CC 8GC GC TGC ATTCGCC GTGTTC ACGCAGAC GTTTTC GTAGACCC GCATCC ATGGTATTTCC TC GTAGAC AC GCCCCCC GTCCTCGCTC ACCGTCTC GTATATT 99120
TC TCCCTCC GG 0 GC GGGTCCCC AC ACCC GTGC~C G ATC GAGGC TCC CC AGAGAC C=C GC GC C GGAC SAG GAGGG GGC AC GTC C~CC GCC GGC GGTC OCC T GTC GG G~fCCC C~C GACGTTAC GG 99360
GCC GGGAGGC GC GGGGGC ACCTCCCCC ATGTGC GTGTAATAC GTGGCC GGCTGTGT80CC GC AGC GGGGGGC TC GGC GACCGGGTC GTTC GC ATCC GGAAGC GGGGGCCCC GCGCC GTCC 99480
C-CGCGGC GCC TCC GGAACC TCC 000TGGAC GC GGGGGTC GAGTGTAGGCGAGGTC GGGGGAGGGGC GGGGGC TCGTTGTCGC GCCGC GCCC GC TGAATC TTTTCCC GACAGGTCCC ACCC 99600
CCCGC GC GATGCCCCCCC GGGCC GC TGGCC ATGTC GTCCGGGGGAGGCCCC GC GGACC AC GTCGTCC GGC GAGAC GCC AC GAGCC G C AGGATGGAC TC GTAGTGGAGC GAC GGC GCCCC G 99720
TCC TGGCTGTCCACC GC GGCCCGC AGATAC TC GTTGTTC AGGC TGTCGGTGG~CC AGAC GCC GTACCC GGTGAGGGTCGCGTTGATGATATAC TGGCC GTGGTGATGGAC GATC GAC AGA 99960
AGC GCC ATGC AC TGCATGGAGCC GGTC GTGCC GC TGGGACCCC GGTCC AGATGC'C C'C C'C GAACGTTTCC GC GGC'C GCC TCC GGCC TGCCC'CC GAGCGGGAGGAACC GGC GATTGGAGGGA 100200
CTCAGCC GGTGAC ATACGTGC TTGTCC GTC GTCCAC AGCATCCAGGACGCCC ACC GGTAC AGC AC GGAGAC GTAGGCC AGGAGC TC GTTGAC'CC GCAGTGC GGTGTC GGTGCTGGGC'CGG 100320
CTTGGGTCCGCC GGGC GC ATA~GAAC ATGTAC TGC TGAATCC GATGGAGGGC GTC GC GC AGGCC GGCC AC GGTGGC GGCGTACTTGCC GCC AC GGCCCC GCTC TTGAAC GGGGTC'C GC G 100440
CC AGCGAGC TTTGGCGCCAGGGTGGGCCC~C AGC AGC AC GTGAAGGC TGGGGTC GC AGTC GCCC AC GGGGTCC TCGGGGAC GTCC AGGCC GCTGGGC ACC ACC GTCTGCAGGTAC TTCC AG 100560
GC GTGGC GGGCCTCCC AGCCC GGTC C-C CC GCCTCCCC GAC AC GTGC GCCCGC AGGGC GGCGGCCCCC TC GTC TCC C ATC AGC AGTTTCC TAAAC TGGGAC ATGATGTCC ACC AC C"CGGAC 101160
CCGC GGC, CCC AACAC GGACCC GCC GC TTACGGGGGC GGGGGGGAAGGGCTCC AGGTCCTTGAGAAGAAAGGC GGGGTC TGCC GTCCC GGAC AC GGGGGCCC GGGGC GC TGAGGAGGC GGG 101280
C-CCCACCTC 80GGGCC GTGAATCCCCC GTC AAAC GCGGCC AGTGTC AC GC AC GCC ACC AC 00TGTC GGC AAAGCCC AGCAGCC GC TGC AGGAC GAGCCC GGC GGCC AGAATGGC GC GCGT 101520
GGCC GCC GC GTC GTCCCGGCGCC GGTGC GC GTCCCC GC AC GCCCGGGCGTACTTTAAGGTC ACGGTC GCC AGGGCC GTGTGC AGC GC GTAC ACCGC AGC GCCC A~AC G~ GTTGA~CC 101640
GCTGTTGGC GAGC AGCC GGC GC GC TGC GGTGTC GCCC AGC GCCTC GTGCTC GGCCCCC ACGACC GC GGGGC TTCCC AGGGGC AGGGC GC GA~C A~ ~C~CC
GGC GGGGTGGTC-C ACGTGC GGGTGCAGGC GC GCCCCC ACGACC ACC GAGAGCC AC TGGACC GTCTGC TCC GCC ATC ACC GCC AGC AC ATCC AGC AC GC GCCCCAGGAAGGC GGCC TCCC G 101880
CGTC AAAAC GC ACCGGACGGCGTCGGGATTGAAGCGGGC GAGC AGGGCCCC GGTGGCC AGGTAC GTC ATGC GGCC GGC ATAGC GGGC GC=CC ;~C GCGAC AGTC GC GGTCC AGC AGC C~ C=C G 102000
C ACCCC G GC420 AGTAC AGC AGGGACCCC AGC GAGCTC-C 00 A ~C ACC GC GC-C GTC GGGCCC GG AT TGGGGG GAC ACT AAC C CC CCC GC GC TC AGTAAC GC~C AC GGCC GC GGCCCC GAC GGG 102120
AC GCAACC420 GTGAGGC TC GC GAACTGCCGCCTC AGC TC GGCC GCCCTGTC GTCC AGGTC AGACCC GC GC GCC TCC GC GTGAAGC~ OC GTCCC GC AC ACCC ACCC GTTGATGGCC A~C G 102240
CACGAC GGC ATCC GCC AAAAAGCTC ATC GCC TGG GC GGGGC TGGTTTTTGTTC GACGATCC GTC AGGTC AAGAATCCC ATC GCCC GTGATATACC AGGCC AAC GCC TC GCCC TGCTC-C AG 102360
GGTTTGGC GGAAA~ ACCC-C GGGGTTGTC GGGGGAGC, C GAAGTGC ATGACCCCC AC GC GC GATAACCC GAAC GC GC TATCC GGAC AC GGGTAAAACCCGGCCGGATGCCCC AGGGC TAG 102480
GGCGGAGC GC ACGGAC TCGTCCC AC AC GGC AACC TGAGGGGCC AGTC GATCC AAC 8GGAATGCC GCC C GGAGC TCC GGGCCC GGC AC GC GTCCCTCC AGAACCTCC ACC TTGGGC GGGGA 102600
AC GGGCCCCGCCGCC GTCC TCC GGCCCGAC GGCTTCC GGGTAGTC GTCCTCCTC GTACTGC AGC TCCTCTAGGAAC AGC G6C GAC GGC GCC AC CC C~GAACCGCC GACCC GCCCC AAAAT 102720
AGCCC GCGCGTC GAC GGGACCC AGGTATCCCCCC TGCC 000,CC TGCGGAGGACC GC GGGGAACC TC ATC ATC ATC GTCC AGGC GACC GC 00 ACCGACTGC-CTAC GGGCCGC ATC GGGCCC 102840
GGGGC GC TGCC GGGAC GC TCGGC GATGGGATGTGGGC GGGC, C TTCC GAC GCGC GCC GTC GTC GGGC TCGC GGGCC TTCCC GTC GAC G~ ~ AC GG~ G~ GTC ~CC ~CATC TCC TC 102960
CAG AGCC TC TAGC TC GC T GTC GTC ATCC CC GC GGA;~C AC C GC AC GC AGGT ACCCC ATGAACC CC ACCCC ATC GCC C GC TGGC TC GTCC C-
GC GCC TCC T0C GCCCC GC GGGTTC GCGAC-CC GAC ATGGTGGCGATAGAC GC GGGTTATC GGATGTCC GC TACCCC 00 AAAAAAGAAAAAGACC CC ACAGC GC GGATGGAGGCC GGGGTAG 103200
GTGCC GCC GGACCCCC TC GC GATGGGAATGOAC GGGAGC GACGGGGCC GGC GC AAAAAAAC GC AGTATC TCCC GC GAAGGCTACCC GCC 0CCCC AGCCCCC GGCCAAATGC GGAAAC GGT 103320 CCC GC GCTCTCC~CC TTTATACGCGGGCC GCCC TGC GAC AC AATC ACCC GTCC GTGGTTTCGAATCTAC AC GAC AGGCCC GC AGAC GCGGCT AAC AC AC AC GCCGGC AACCC AGACCCCAG 103440 TGGGTTGGTTGCGCGGTCCC GTCTCC TGGCTAGTTCTTTCCCCC ACC ACC AAATAATC AGACGAC AACC C,C AGGTTTTGTAATGTATGTOCTC GTGTTTATTGTGGATAC GAACC GGTG8 103560 CGGGAGGGGAAAACCC AGAC GGGGGATC, C GGGTCC GGTC GC GCCCCC TACCC ACC GTAC TC GTC AATTCC AAGGGC ATC GGTAAAC ATCTC-C TC AAAC TC GAAGTC GGCC ATATCCAGAG 103680
CGCC GT AGGGGGCGGAGq~C GTGGGGGGTAAATCCCGGCCCC GGGGAATCCCC GTCCCCC AAC ATGTCC aG ATC GAAATC GTC TAC, C C~GTCGGC ATGCGCC ATCGCC ACGTCCTC C-CC GT 103800
CC AAC TGAC GCC AC-C TC TCC AGGTCC-C AAC AGAGGC AGTC AAACAGGTC GGGCC C,C ATCATCTC.C TC GC-C GTACGC GGCCC ATAGGATCTC GC GGGTC AAAAATAGATAC AAATGCAAAA 104400
AC AAAAC AC GC CCC AGAC GAGC GGTC TCTC GGTAGTACCTGTCC GCGATC GTGC.C GCGC AC, C ATTTC TCCC AGGTC GC GAq~ GC GTCC GC GCATGTGC CCC TGGC GGTC-C AGC T~C GGA 104520
CCCC GGCC GGC, C 00GGGGGC OGTGC-C GAAGC GCC GTCCC, CGTTC ATGTC GC*C AAAC AGC TC GTC GACC AAGAGOTCC ATTGGGTGGGGTTGATAC GGGAAAGAC 0ATATC GGGC TTTTGA 105120
TGCGATC GTCCCCGCCCC-CCCAGAGAGTGTGGGAC GCCC GAC GGC C-CGGGAAGAGAAAACCCCCAAAC GC GTT AGAGGACCGGAC GOACC TTATGGGGGGAAGTGGC-C AGC GGGAACCCC 105240 GTCC GTTCCCGAGGAATGAC AGCCC GTGGTCGCC ACC AC GC ATTTAAGC AACCC C#C AC GGGCC C.CCCC GTACC TC GTGAC TTCCCCCC AC ATTGGCTCC TGTC AC GTGAAGGC GAACC GA 105360 GGGC GGC TGTCC AACCC A~CCCCC GCCACCC AGTCCC GGTCCCCGTC GGATTGGGAAAC AAAGGC AC GC AACGCO AAC ACC GAATGAACCCCTGTTGGTGCTTTATTGTCTGGGTAC GGA 1034S0
AGTTTTC AC TC OACGGC-CC GTCTGGOGC GAGAAGC GGAGC GGGC TGGGGC TC GAGGTC GC TC GOTGGGGC GC GAC GCC GC AGAACC*CCCTC GAGTC GCC GTGC-CCC, CGTC GACGTCCTGC 105600
ACCACGTCTGGATTC ACC AAC TC GTTGGC GC C-C TGAAGC AGGTTTTTGCCC TC GC AGACCGTC AC GC GGATGGTGGTGATGCC AAGGAGTTCGTTGAOGTC TTCGTCTGTC#C GC GGACGC 105720
GAC AT GTCCC AGAGC T GG AC C GCC C=CC ATC C GGGC ATGC AT GGCC GC C AG GC GC CC GACO GC C-GC GC AGA AGAC GC GC TT GT T A AAC*CC GC~C AC CC GGGGGGTCC ATGC-CC-CGTC GGGG 105840
TTTGGGGGOGCGGTGCTAAAGTGC AGC TTTCTGGCC AGCCCCTC, C C.C GGGTGTC TTGGATC GGGTTGGC GCC GTC GAC GC GGGGGC GTCTGGGAGTC, CGGCGGATTC TGC*C TGGC, CCGAT 105960
145
TTCC TC-CCGCGGGTGGTC TCC GCCC, CC GGGGCC GC GGGGC, CC TTAGTC GCC ACCC GC TGGGTTC GGGGGGCCC GGGGGGC GGTGGTGGGTGTC-CGTCC GGCCCC TCC GGACCCAGCGGGT 106080
SC, C GGAGC~ CtCCC C-C C~2 ~GGCCCC GGC-CC GGAC A~J%ACC GCCCC GGA KAC GGGAC GCC GC GTCC GGGGGAC C TCC GGGTGTTC GTC GTC TTC GGATG AC GAGCC CCC GTAGAGGC-C ATAA 106200
TCC GACTC GTC GTAC TGGAC GAAAC GGACCTC GCCCC TCTGC, C GCGAGC GTGTC TGTAGGC.C GCC AC GGC GGGAGGTOTCAGGC GGAC TATCGGGAC TC GCC ATACCTGAAGAC GGGGTG 106320
TAGTAC AGATCC TC GTAC TCATC GC GC GGAACC TCCC C.C GGACCCGAC TTC AC GGAGC GGC GAGAGGTC ATGGTTCC AC GAACAC GC TAGGGTCGGATC. 
50 TCC AC'CC GOAC AC-CTTGGGTC GGGGOTAC GATGGCGAC TGC, C AC AC GGCC GTC GC TAC TC GC GGGGC.C GGAGTC GTC.C AAC TGAAC C TGGTC AAC AOGC GC GC GGTGC-C TTTTATGCCGA 107160 D  F C  A  I  I H  A  P  A  L  A  S  P  G  H  H  90  AGGTTAGCGGGGAC TCCGGATGGGCC GTCGGGC GCGTCTCTCTGGACC TGC GAATGGC TATGCC GGCTGAC TTTTC, C GC GATTATTCAC GCCCCC GC GCTAGCC AGCCCC GGGCACCACG 107280 
TAATAC TGGGTCTTATC GACTCGGGGTACC GC GGAACC GTTATGGCC GTGGTC GTAC.C GCC TAAAAGGAC GC GGGAATTTC, CCCCC GGGAOCC TC, C GGGTCGAC GTGAC GTTCC TGGAC A 107400
ACCGAGCC GATTTCCCTGCGGC AGTTCCC GC AACTGC~C-CCCCCCCC TCC AACC GGGGCC GGGATAC GCGAAGATCC TTGGTTGGAGGGGGC GCTC G 107520
A 210 GGGCCCCAAGCGTGAC TAC GGCCC TACC GGC GC GAC GCC GAGGC, C GGTCCC TC GTC TATC, CC GGCGAGC TGAC GCC GGTTC AGAC GGAAC AC GGGGACGGC GTAC GAGAAGCC ATC GCC T 107640
A 250 TC CTTCC AAAAC GCGAGGAGGATGCC GGTTTC GAC ATTGTC GTCC GTC GCCC GGTC ACC GTCCC GGCAAAC GGC ACC AC GGTCGTGC AGCC ATCCC TCC GC ATGC TCC AC GCGGAC GCC G 107760
TTCCTGTGACCCTCGAGGCC~GCGCCA~GGTCGCCCAGCTCCTGGTTC~CGGGGC,CG~ACC`CTcTTCCTTGGATCCCCCCGGACAACTTTCAC~GGACCA~A~CGCTTCGAAACTAC~CCA F  T  N  E  F  D  A  E  A  P  P  S  E  R  G  T  G  G  F  G  S  T  G  370  GGGGTGTTCC GGAC TC AACC GCC GAACCC AGGAACCC GCC GC TCC TGGTGTTTAC GAAC GAGTTTGAC GC GGAGGCCCCCCC GAGC GAGC GC GGGACC GGGGGTTTTGGTTC T TTTGGGTTC GTTCC GGGCAATAAAAAAC GTTTGTATC GC ATC TTTCC TGTGTGTAGTTGTTT  ATGTTGGATGCCTGTGGGTC  TATC AC ACCC GCCCCTCC ATCCC AC 108240   AAAC AC ~AAACACACGGGTTGGATGAAAAC  AC GCATTTATTGACCC AAAAC ~C AC GGAOCTGCTC GAGATGGC-CC AGGGC GAGGTGC GGTTGGGGAGGCTGTAGGTCTGGGAACGGACAC  108360  UL51  -Q  G  L  V  C  P  A  A  K  S  P  G  P  K  P  A  T  P  8  A  T  P  R  P  V  S  V  218 GC GGGGAC AC GATTCC GGTTTGGGGTCC GGGAGGGC GTC GCC GTTTC GGGC GGC AGGCGCCAGC GTAACC TCC GGGGGC GGC GTGTGGGGGTC-CC CC AAGGAGGGC GCC TC GGTC ACCCC 108480
AATCCCCCCC GACC GGGTTCCCCCGGC AACCCC GAAGGC GGAGAGC, CC AAGGGC CCGTTC GC, C GATGGCC AC ATCC TCC ATGACC AC GTC ACTCTC GGCC ATGCTCC GAATAGCC TGGGA 108600
GATC GTGGGGGCC TCGAACCC GGGGTGGTGGC GC GCC AGTC GTTC TAGGTTC AC C ATGC AGGC GT GGTAC GTGC GGGCC AAGC-C GC GGGCC TTCAC GAGGC GTC GGGTGTCGTCC AGGGA 108840
CCCC AGGGCGTCATCGAGC GTGATGGGGGC GGGAAGTAGC GC GTTAAC GACCGCC AGGGCC TCC TC.C AGCC GC GGC TCC GCC TCC GAGGGC GGAAC GGCC GC GC GGATC ATCTC ATATTG 108960
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GTGGAGGT GACC C-C GC TTTATGC GAC C GAC GGGTGC GTTATTACC TC TTC GATC GCCC TCC TC AC AAAC TCTC TAC TGGGGGCC GAGCC GGTTTATATATTC 109200
AGC TAC GAC GC ATAC AC GC AC GATGGCC GTC-CC GAC GGGCCC AC GGAGC AAGAC AGGTTC GAAGAGAGTC GGGC C-C TC T ACC AAGC GTC GGC-C 00 U,C TAAATGGC GAC TCC TTCC GAGTA 109320
GGAAGTGGGTGGGACCC ACC AGGCCC C,C GGGC GAACCC GACC C ATGTTC GTC TGTCGC TTC GAGC GAGC GGAC GAC GTC GCC GC GC TACAGGAC GCCC TG 109440
P 171 GC C, CAC GGGACCCC GCTACAACC GGACC AC ATC GCC GCC ACCC TGGAC GC GGAGGCC AC GTTC 0C GC TGC A'r GC GAAC ATGATCC TGGC TCTC ACC GTGGCCATCAACAAC GCC AGCCCC 109560 
CAGGCCC AGC GTCTGGGGGGC GC GGGGGCC AC GTAC GACC TC, C AGC-CC ATC AAG GAC ATC TGC GCC ACC TAC GC GATTCCCC AC GCCCCCC GCCCC GAC ACC GTC AGC GC TGC GTCCCTG 109920
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